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EXFR | -1SES. 


FOR 


Young Sea-men, 
___ Andothers that are ſtudions in 
MATHEMATICALL. PRACTICES: 


Contaming IX particular TI REATLISES.,. 
whoſe Contents follow i inthe next Pager. 


All which EXERCISE s are Geometricelly performed, FR 
a Line of Chords and equal Parts, by wales not uſually - 
known or praQtiſed. Unto which the 4nalogies or Proportions 


are added, whereby they.may be applied to the Chiliads of. 
Logarithos and Canors of Artifticiall $7zes and Tangent. 


T By IW iliam Lojbourn, Philomath: 


"IN 


———— 


£ 0 DB &@ A, 


Printed by.7..Fleſher, for W. Hayes, and are-to: be ſold arthis- 


Houſe at the Croſs-daggers 11 Moor-fields near to the Pope*s-bead Tavern, 
Vnere you may have all ſorts of Mathemaricall Inftruments...1669, 
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EXERCISES 


HE Firſt Exerciſe contains ſuch Geometricall Propofiti- 
ons ard Theorems as are neceſſary to be known and pra- 


iſed for the more eaſie underſtanding of the ſubſequent Exer- 


Ciles. | 
II. 


The Second Exerciſe contains the Doctrine of the Dimenſion 
-of Right-lined Triangles, both Right and Oblique-angled,' by 
ProtraGon, by « Line of Chords ad equal Parts... 

2 The Third Exerciſe contains the Doftrine of the Dimenſion 
2 -of Sphericall Triangles, both Right ad Oblique-angled, by 4 
: «Line of Chords ozelj. DE 20 = 15 TO Ea WANT <0 


IV. 


= The Fourth Exerciſe 7s a plain and eaſje Method of Proje- 
| Cting the Sphere inPlano3 whereby the Sides and Angles of 
Sphericall Triangles are naturally laid down as they are in the 
© Sphere z# ſelf. By which the Nature of them is diſcovered, and 
2 their Sides and Angles meaſured with ſpeed and exaftneſs uporr 
2 the Projection #t ſelf. x CEE 


Ls 


The Fifth Exerciſe decleres the Variety of Sphetricall Pro- 
A3 blems | 


The Contents; 
blems which do naturally ariſe out of every Sphericall Triangle, 
koth Right 2d Oblique-angled, and which are reſolvable there- 
by.. Deſcribed as they are perſpicuows in the Projettion. 
VI. 
The Sixth Exerciſe contains ſuch Aſtronomicall Propoſitions: 
as are of frequent Uſe in the Pradice of Navigation: All which 


Propofitions are reſolved by meaſuring the Sides and Angles. 
of Sphericall Triangles wpox the Projeftion. 


VIE. 


The: Seventh Exerciſe ſhews how the foregoing Aſtronomicall 
Propoſitions 2ay. be applied to Pradfice inthe. Art. of Navigati- 
on: As to find the Latitude, Hour, Variation of the Com-. © 
pals, @c.. | | | 


VIII. 
The.Eighth Exerciſe contains ſuch Geographicall Propoſitions: 
as concern the finding of the Diſtance of Places npox the Terre- 


ſtrial Globe in any Poſition, both by Trigonometricall Calcula-- 
tion aud Geametricall Projection. . 


IX. 


The Ninth Exerciſe ſbews the Uſe of Right-lined Triangles '* 
is, the PraFice of Navigationz whereby ſeverall Nauticall 
Queſtions are reſokved, many-Problems iz Sailing, both by the - 
Plain ad Mercator's Chart, performed by Protrattion, Calcu-- 7 
lation, azd wrought upor.the Chart 3. ſelf. | 
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Theſe are the General Heads of the Nine Exerciſes : . Af which Par- © 
ticulars you will find in the following Teatiles, with addition . * 
of mbat us here reeited : And the whole Work of all the Exerciſes 2 
perf armed by maies not l ually known or prattiſed... 
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Aving heretofore publiſhed to the World ſeverall 
Treatiſes tending to the PraCtice of the Sciences 


) 
oM 


{) | 
, 


good at length to-publiſh ſomething that might be »/ef#// and 
beneficial for my Conntry-men, Engliſh Navigators hoping: 
that I ſhall receive from them (for the pains 1 have already,and - 
hereafter ſhall take for their good and advantage) no lets En- 
couragement by their acceptance of what ( out of free good 
will ) I tender to them, then I have already from others, for 
what I have made publick for their Uſe and Service, 

In the Nize following Treatiſes I have furniſhed the Toure 
Sea-man with ſuch practical Exerciſes as tend wholly to his Ex. - 
ployment at Sea ; beginning, firſt, with ſome few Geometricall 
Rndiments that are abſolutely neceſlary for him to underſtand 
and be perfet in the Practice of, before he launch farther into 
the Mathematicall Ocean. | "2 

From theſe Elements, | proceed to the Geometricall Dimen- 
hon of Triangles both Plain and Sphericall, upon the Solution 

where- 
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To the Reader. 
whereof. all the Pra@ich, Parts of the Mathematichs do depend. 
For on theSolution of Right-l:ned Triangles, allPropoſitions which. 
concern Lengimetria, or the Meaſuring of Heights, Depths and: 
Diſtances,either uponthe Land.or at Sex3 all in Planometria;as 
Meaſuring of Land, Board, Glaſs, Pavements, Hangings, &Cc. 
all in $:riometriz, or the Menfuration of-Solids, fugh as Stone, 
Tizber ,” and the like3.- all Problems of Sailing, both by the 
Plain S$ea-Chart, and-alſo by .that of Mercator's: Projection 3. 
all that-concerns Fortification, Guznery, &c.. have their depen-. 
dence.—And by the Solution of Sphericall Triangles, Problems: 
in Aſtronomie; Geography, Sailing by. the Arch of a great Circle, 
Dialing, Meaſuring of the Diſtance of $1ars, Comets, &c. are. 
to be reſolved. DO noe os 
Trigonometria, therefore, being the Bafis or Foundation upon: 
which the forementioned Superſtru@ares are ereFed;_ I choſe 
firſt to-begin with that. And how I have performed it, and to- 
what:Uſes I have applied it, which tend to the Practice of the. 
Art.of Navigation, the Contents of the ſeverall Exerciſes will (in: 
_ part): declare. ſs 
Inthe Geometricall reſolving of Triangles both plain and ſphe-- 
ricall, I have gone tn a Path not before beatex. And therefore, 
if I have at any time gone out. of my way, either by. deficiency. 
ar redundancy, hope the Reader will pardon me.. Iam lure the 
ingenious Mathematician (who (at firſt fight) will dilcover:the- 
manner. and waies of Working, and alſo:the Ground and De+-- 
monſtration. thereof): will 'not carp or caviHat, but rather:in-- 
form 2e.or the Reader of any ſuch Deviation, But inthe Pur- 
ſuance of every Exerciſe , I have therein retained ſuch a Me-- 
thod, that I could not well ſtep aſide. And for the certainty of. 
the manner of the Geometricall Operations, (if they be carefully 
performed) I dare aver that you may (if the Radius of your 
Line of Chords be but 4.or 5 Teches ) come within a few Mi-- 
nutes-of Calculation 3 which will be ſuficientfor-the Sea--rax's- 
Uſe, for him thereby to reſolve ſuch Problems in Aſtronomie , 
Geography or Navigation,as at any time tre ſhall(in his hg \ 
| | OS lAVe. 
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have oecafion for« : And: that Proof. or. Triall, may- be made. 
thereof;(though I could in a few Lines demonſtrate the nature 
and manner of Working) I have to every.Caſe, Propoſition and, 
Problexr inthe whole ork contained, added the Analogies.or 
Proportions by which they may be /ofued by, the Cangre of Ar- 
rificial Sines/:atid, Tangerits, and the Chiliadcot Logarithns * - So- 
that ſuch as have thoſe Tables (and koow their, ſe). may-- 
work any Propoſition by them, and by that diſcover the Diffe-" + 
rence between Calculation and this Geometricall way of Opera- 
£407. {He 

Andthat the young Sea-man may not (at any time Jbe toſeck: 
of Tools to work with, (in caſe of any Miſcarriage at Sea ) I 
have,nqtonely ſheifet tym how to xſe, but alſo-the manner: 
| how to-make, all ſuch 2rſframents as will be in uſe to him in the: 
Practice of thefe Exercsſes - As of. his Line of Chords, which is 
the chief; and alſo of a Sea-Chart:according to-Mercator's Pro- 
jection, without-the helpof a Table of Mtridiowall Parts, or a 
Aferidian Line, but eaſily and ſpeedily by a Line of Chords onelys-. 
and that either Gemeral, from the Z#quino@ial towards either: 


oe 


Poke; "or Partienlar; forany-deli "RA REOREE 0K 
Moreover, inthe Working-of the ſeverall 2yeſtions by Aer-- 
 eator's Chart; T have, at the end of every Problem; given an ac- 
count of the Difference arifing between Working by that and. 
_ the Plain Sea-Chart; whereby the Errors of the one are clearly- 
deteQed, and the Yerity of the other diſcovered. 

E might have proceeded farther,to:the performance of other 
Gings by the Line of Chords onely ; as to-ſhew. the manner of. 
Sailing by the-Arch of agreat Circle :. but that, with ſome other 
things tending to Navigation, I ſhall ſhortly make publick in a 
Treatiſe formerly written by my ſelf -and Mr. Vincent Wing,now 
m my hands,and almoſtTeady for the Preſ5,and wholly detign-- 
ed forthe Ule of Sea-mern.—And for farther Utle of this-Line, 
Fhave ina Treatiſe (now.in the Preſs) taughtthe nanner how 
todelineate all manner of Sun-Dials by projeFing of the Sphere 
. in Plauo,whereby not onely the Xaking, but the Reaſon allo,of” 


_ 
. 


"2 Dials © 


'Dials is diſcovered. To which Treatiſe (if mypreſent occafi- 
ons will permit) I ſhall adde both an Arithmeticall and an In- 
ſtrumentall way of Dzalline allo. 
Thus, friendly Reader, at preſent, I preſent thee with This 
and in a few Monthsthou ſhalt (God willing ) participate of 
_ thoſe above mentioned. All which I hope will be as kindl 
accepted, as they are freely tendered by 


-— 
' 


Wl. Leybourn. 


Arts and Sciences MaTyurmaTticarr 
Profeſled and Taught by the Authour. 
| In Whole Numbers, and FraRions. 
Arithmetick, $in Decimals, and Tops way ; 
| C Inſtrumentally, by Decimal Scales, Napiers Bones: and to exra@ the 
Square and Cube Roots by Inſpe&ion. 
& " The Principles — ag 


with the ; 
Demonſtration. 
The Deſcription of rhe Circles of the Sphere. 


Aftronomie : The Uſe of the Globes , "res 4 _ 
| To proje@ rhe Sphere iz Plano upon any Circle, ——, vg 
And upon theſe Foundations the following 
- ShperſtruQtures. 
FLoneimetria 4 +. » Trees, Towers, ec. 
$ or rhe _) Deprhs Mines, Wells, Deſ- 
Menſuration of a >. cents, Ec. MOT 
The Uſe of Diftances, Churches, Towers, &c; 
Geometricall Planometria, or the —__ 0 | her & ” 
Inſtruments, 4 Mcnſuration of Y pavement, Or any. other Superkicies, 
in the | 


Tiling, &..F 
PraRtice of | Stertonttria, or the F Timber, growing or ſquared, 
a | Menſararion-of Stone, regular or irregular. 


Cask , commonly called Gaghinſ | 
 LGeodeſer, or the Meaſuring of Land divers waies, and by ſeverall 
Inſtruments ; ro draw the Plot of a whole Mannor or Lordſhip ; 


ro caſt up the Content thereof; and to beautifie the ſame with all 
necellary Ornaments thereunto belonging. 


: 02> the Menſuration of Triangles, both No 
Trigonometria:ys | C Geometry» 
i CrheApplication thereof, in the foluti- JOonjraphic, 
orhbf Problems in © | Navigations 
Fort! ativtl. 
Dialling, Oo 


YT manner of Sailing by Mercator's Chart. 


Pavigation : -Y Principles thereof, and the Sie Plain Sea-Charr. 
© The Arch of a great Circle. 


SINCS. 


20logt , CArithmetically , by the Tables of $Tan ents. 
” —_—_— ; 0 IN Logarichans, 


Compaſles. 
Inftrumentally , by the SeRor, Qualrants, Seales, and ocher Inftru- 
ments accommodatedwith Lines for that purpole. 


You may kear of him at Mr. Hayes's at the Croſs-daggers in Aſoor-fie/dsr 
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ADVERTISEMENT. 
| IN. D here 1 thought good'to give notice, That if 
\ any Gentlemen tudiou in the Mathematicks: 
ave or ſhall have occaſion for Inſtruments thereunto 
belonging, or Books to-ſhew the Uſe of them, they may be 
furniſhed with. all ſorts uſefull both- for Sea :or Lands, 
either inSilver, Braſs or Wood, by Walter Hayes,, at the 
. Croſs-daggers. in.Moor-hields, next door to the Pope's - 
head-7Zavern ; where they may bave all ſorts of Maps , 
Globes, Sea-plats, Carpenters Rules, Poſt and Pockget-. 
' Dials for any Latitude.. 
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This Scheme having relation to the Fourth and | Fifth Caſes. of 


phericall Triangles in Page 53:and 54 being caſually omit- 
td, is bere inſerted. een met f 


GEOME T7 a DCA EL 
PROPOSITIONS and THEOREMS, 


Neceſſary to be known and praiſed for 
the more eafie underſtanding of the 
ſubſequent EXERCISES. 


— 


The Firt ExeRcise. 


True ARGUMENT. 


Ras HE following Propoſitions, Theorems 
RO © and Problems, are ſuch as will come 
RR HS ncontinuall uſe in the Prafice of the 


LY 


—v— 
.GEOMET RICALL 


PROPOSI LIONS. 


—— —___ a. 


Pror?, 1. 


A right Line being given, to dividethe ſame into two- 
equal parts at right Angles, 


E T the right Line, to be divided, be 

_, AB. —Firft, open your Compaſles to- 
any diſtance greater then the length of half 
the given Line; then ſetting one foot in A, 
with the other foot deſcribe the Arches C C, 
both above and below the Line A B. ——Se- 
> .condly , (the Compaſſes ſtill reſting at the 
ſame diſtance,) ſet one foot in B, and with 


o-* |: the former Arches CC in the Point E a- 

I bove, and F below the given Line A B. 

—Laſtly , draw the Line E F, which will 

divide the given Line AB in two equal parts, 1n the Point 
'&, andatright Angles. 


PR OP: Il, 
Vpon-a-right Line given, toered a Perpendicular upor 
any part thereof. 


F ET thegiven Line be HK, and from the Point L let it 


your Compaſſes-to any convenient diſtance, and ſetting one 


foot in the given. Point L, with the other make a ng or 
| | O1Nt 


| theotherdeſcribethe Arches D-D, cutting 


, be required to. erect a Perpendicular. —Firſt , open 


{ob ITS 


Geometricall Propoſstions. 
Point at pleaſure, as M. Then keeping the 
Compaſs-point in M, with the other de- 
ſcribe the Arch NN above the Point L, 
and alſo another Arch at O, cutting the 
given Line in O. Laſtly, lay a Ruler M 
from O toM, which will cut the Arch :., i 
NN before drawn in the Point P. $0 KE&- LK 


a Line drawn from P to L ſhall be a Perpendicular to the given 
Line H K, and from the Point L. - 


FROP, HL, 


From a Point above, to let fall a Perpendicular upon a 
right Line given. 


E T the Point given be Q_, and the Line upon which the 
©. Perpendicular is to fall be R $,———F iſt , opening 
the Compaſles to any diſtance greater 
then Q RX. let one foot'tn Q, and with 
the other croſs the given Line RS in 
the Points I and V.-— Secondly, (the 
Compaſles unaltered,) ſet one foot in 
T.and with the other deſcribe theArch 
w w, below the given LineR S. 
Thirdly, remove the Compaſſes to V, 
(being ſtill at the ſame diſtance ) and 


croſs the Arch w w in the Point Z—. "a 

Laſtly, a Ruler laid from Q to Z will pd Ze 

cutthe LineRS in the Point X. Soa 

TO wa from Qto X ſhall be perpendicular to the gives 
ine R $. 


B 2 PROP, 
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24 —CGeometricall Propoſitions. 


Prop, IV. 
Arig ht Line being given, to draw another right Line 
which ſhall be parallel thereto at any diſtance required, 


ET AB beaLinegiven, and let it be required to draw 
B another right Line which ſhall be parallel thereunto, and 
at the diſtance of the length of the Line C. Firſt, take 

| the length of the Line C in your 

Compalles, and ſetting one foot to- 

— wards one end of the given Line, 
; 'as at D, deſcribe the Arch E. 
: . Secondly, ſet one foot of the Com- 
LH "6 oy Þ © paſles towards the other end of the 
: given Line, asat F, and deſcribe the 

| Arch G. —— Laſtly , lay aRulerto 

the Arches E and G, fo that the Ruler dy touch the Ar- 

ches, and not cut or croſs themin any part. So a Line drawn 

thereby ſhall be parallel tothe given Line AB, and at the 
diſtance of the Line C. 


PROP, IV, 


A right Line being given, to draw another right Line 


pull thereunto, wich ſhall paſs through a given 
OINT, 


ET the given Linebe HK, 

_ to which let it be required 

— LL to draw a parallel Line, which 
fhall paſs through the Point L.— 
Firſt, take in your Compalles 
——X the diſtance K L, and ſetting 


one foot of the 'Compaſies in 
a with 


H. with the other delcribe the Arch M M. -Secondly, 
take the Line HK in your Compaſſes, and ſetting one 
foot in the given.Point L, with the other croſs the Arch MM 
in the Point C. So a Line drawn from L to O ſhall be paral- 
le}tothe given Line H K, and hall paſs through the Point L. 


Proe. VI. 


Three right Lines being given, to make a Triangle, 
whoſe three Sides ſPall be equal-to the three grocn 


Lines. 


of 


ET the three Lines given be N, P, Q. —Firſt, 
take the Line N in your Compaſles, and lay that down. 
from R to $._——Secondly, take the Line P in your Com- 
paſles, and ſetting one foot in S, 
with the other deſcribe the Arch \ 2 Wf 
V V.— Thirdly, take the = 


Line Q in your Compaſſes, and Do 
ſetting one toot in R, with the 0- _ V 
ther croſs the Arch V V,, in the ere Oy 
Point T. Laſtly , draw - the N — — 
Lines TR, and I S. Sofhall you P ——— 

have conſtituted the Triangle IRS, W— _ 

whoſe three Sides are equal to the three given Lines,N,P,Q:. 


FXO?, VI foes 

Three Points (which /ie not in a ftraight Line ) be- 
ing given, to finde the Centre of a Circle, which being 

_ deſcribed ſhall paſs through the three givenPoints; 
" ET the three given Points be A, B, C.- —Firft, 
F_, open your Compaſles to any diſtance greater then haMt 


the diſtance between Aand B : and ſetting one toot. in B, 
B 3 with. 
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Fa Geometricall Propoſtions. 

with the other deſcribe the Arch GD. Then remove the 
Compaſles, ſet one foot in A, and with 
the other croſs the former Arch in the 
Points D and F, and draw the Line 
D F.,_— —Secondly, (the Compalles 

& {t1]] continuing at the ſame diſtance, ) 
{ct .one foot in the Point C, and with 
the other croſs the Arch ( before 
drawn ) in the Points E and G, and 
draw the Line E G, croſling the other 
Line DF in the Point H. So ſhall H 
be the Centre of the Circle, which be- 
ing deſcribed ſhall paſs directly through 
the three given Points, A,B, C. 


-PrRoP: - YHE 


Two Points within any Circle being given, how to de- 
ſcribe the Arch of another great Gircle which ſhall 
paſs through thoſe two given Points, and alſo divide 
the Circumference of the given Circle into two equal 
parts. 


F ET the two Points given be E andF, within the Circle 
|, ABCD.-— — — Fuſt, through either of them (as 
through E ) draw the right Line E D, paſfling through the 
'Centre of the Circle at K. Secondly, draw the Line & C 
at right Angles to BD; ſo ſhall the Circle bedivided mto 
four equal parts or Quadrants, by the Lines A C and BD. 
Thirdly, draw the Line E A , and upon the Point A 
( by the II. Prop. ) eref the Perpendicular AG, cutting the 
Line B D ( it being extended ) in the Point G5 fo have you 
bree Points, E, F, and G, through which (by the laſt Prop.) 

2u may araw a Circle to pals, whoſe Centre will be at H : 
upon 
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Geometricall Propoſetions. 


upon which Point if B 


you deſcribe an Arch X 


of a Circle, at the di- 5, 
ſtance HE or HF, : 
It will paſs through : 
the two given Points - 


E and v, and divide Al ---- SOTIOEFPPETTTT TEL LS 5 


the Cirde ABCD |. ys > 

into two equal parts, of ; 

in the Points L and o : 

M, which was requi- : 

red. And that this L ' 

Arch, thus drawn, M Ee 

doth divide the Cir- ; 

cle into two. equal . 
arts, 1s evident, for NH 

Ling drawn from L T>h 

to M will paſs dire&- : 


ly through the Centre K. 


Theſe are ſuca Geometricall Propoſitions as are abſolutely: 
neceſſary for the working of the ſeverall Concluſions in the fol- 
lowing Exerciſes. Mere might have been added, buttheſe well 


underſiood and pradiſed will be ſufficient to carry you through 
this Work. 


And now T will deſcribe unto you the making of the ſlight 
Inſtrument by which all contained in this Book is performed. 
#amely, The Line of Chords, and fhew you the general Uſe 
thereof, in the protrafting or laying down of Angles of ax 
quantity: Or if any Angle be already laid down, to finde 
(thereby) the quantity thereof. Then will T give you ſome: 


| Jewwſefull and neceſſary Theorems, chiefly appertaining to I r1- 


gonometry, or the Solution of T riangles, and ſo concluge this. 
firſh EXERCISE. 


How 


(8) L 
How to make a Line of Chords. 


Ccording to the largeneſs of your Lize of Chords you 
intend to make, draw a right Line, as A B, and npon 
the Point A (by the II. Prop. ) erect the Perpendicu- 

lar AC, and upon A (asa Centre ) deſcribe the @xadrant 

BDEC, which you muſt divide into 9o equal parts or De- 

grees. Which that you may readily doe,your Compaſles being 

opened to the diitance A B, ſet one foct 1n B, and the other 
will reachtoE;3 alſo ſet 

C one foot in C. and the 0- 

5 ther will reach toD : fois 

"your Nuadrant divided 1n- 

to three equal parts, each 

part containing 3o degr. 


theſe three parts into three 
more 3 ſo {hall you have 
divided your Pnradrant in- 
| tog equal parts, each con- 
| taining Iodegr. and each 
| of theſe 9 parts, being di- 
" vided into halves.will con- 
tain 5 degr. and ( if you 
make your Line large enough ) you muſt divide thoſe into 5 
equal parts, which you may very well doe, it the Line A B be 
but two inches long , as all the Schexzes and Figures in thele 
Exerciſes are drawn by a Line of Chords of that length. 

' Your Sxadrant being thus divided into go degr. draw the 
LineB C, and parallel thereto two other Lines, one pretty 
cloſe to B C, to contain the ſmall Diviſions, and the other at a 
larger diſtance, to ſet the Figures in. Now itis the Line B C 
which 1s called the Line of Chords , ( poſſibly for this Ys 

_ tE 


This done, divide each of 


Of the Menſuration of Angles. 9. 
the Arch or Ark BD E C repreſenting Arcvs, a Bow, and BC 
the String or Chord thereof) the diviſions whereof are to be 
transferred from the degrees of the 2adrant B DE C, in this 
manner.—— Firſt, ſetting one foot of your Compalles in B, 
extend the other to 80degr. in the Quadrant, and from the | 
diviſion of 80 degr. in the 2xadrant draw the Arch 80, 80, 
which will cut the Chord-Lipe in 8c 3 doe fo with 70, $0, 50, 
&-c. and thelike with every fifth degree, as you ſee.in the Fi- 
oure, And if your Line be very large, you may doe fo to 
every ingle degree, and part of a degree. And by this means 
have you reduced the degrees of the @zadrayt BDEC to 


the ſtraight Line BC, more commodious to be ſet upon a 
Ruler, then the crooked ArchBDEC. 


T he Ulcs of the Line of Chords. 


TOHE Uſes of this Line are principally two. The 0oze 1s, 
Toprotrad or lay down: upon Paper an Argle of any 
uy that is, of any number of degrees )) required. — 
he other Uſe is, If an Awgle be already pretraFed or laid down, 
to finde how many degrees and parts of a degree it containeth. 
In both which 1 would have the Reader very perfeQ, 
becauſe very much contained in this Book hath dependence 
thereupon. =” 

And hereit will be neceſſary that I give you the Definiti- 
on of an Angle. Know therefore that - 
an Angle is the Inclination or bowing 
of two right Lines the one to the 0- 
ther.———As the two right Lines 
CA and B A incline the one to the 
other, and touch or meet each other 
inthe Point A, in which Point, by rea- 
fon of the inclination of the ſaid 
Lines, is made the Angle CAB, 


| 


To Of the Menſuration of Angles, 

And here note that an Angle is commonly ſigned by three 
Letters, the middlemoſt whereof ſignifies the angular Point. La 
As in this Figure, when we ſay the Angle C AB, you are to b 
underſtand the very Point at A. | 


|, How toprotraGt (or lay down upon Paper ) an Angle 
containing any numver of Degrees and Minutes by 
the Line of Chords. 


[Þ p5e a right Line at pleaſure, as AB, and from the 

Point A. let it be required to protra&t or lay down an 

Angle containing 40 degrees. —Firſt, open your Compaſſes 

alwales to 60degr. of your Line of Chords, (which is equal 

tothe Line A C of the 9#adrart,_) and with this diſtance, ſet- 

ting one foot of the Compaſles upon 

the Point A, with the other foot de- 

ſcribe the Arch BC. Secondly , 

take in your Compaſles 40 devr. 

_ (which is the quantity of the Angle 

to be laid down ) out of the Line of 

Hh Chords , from the beginning thereof, 

4 and ſetting one footin B, the other 

4 ala will reach to Cupon the Arch: where- 

fore through the Point C draw the Line C A. So ſhall the 
Angle at A contain 40 degr. as was required, 


| | By vn ">, | Fo 
" Y 


UW. An Angle thats already protrafted, how to finde 
the quantity of Degrees it containeth. 


"NUppoſe CAB were ar Angle already protraGed, and it 
were required to-findethe quantity thereof. Firſt, 
open your Compaſles to: 60 degr. of your Lize- of Chords , 3 
and ſetting one foot in A,'(the angular Point)- with the other _ 
deſcribe the Arch B C, ——<Secondly;/ take in'your on 5: 
£508 Palles 
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Of the Menſuration of Angles. us 
paſſes the diſtance between B and ©, which diſtance apply 
to your Lixe of Chords, (by ſetting one foot in the beginning 
thereof) and you ſhall finde the other to fall upon 40 degr. 
which is the quantity of the Angle at A. 

Thus have you the Uſes of your Line of Chords in protra- 
ting and finding the quantities of Argles. And now it will not 
be impertinent , if in this place I ſhew you how 4neles may 
be protraFed and laid down, and alſo their quantities found, 
by an 1-ſirament which I ſhall make uſe of towards the end 
of this Book, which I call a ProtraFing Quadrant. 


Its Deſcription. 


T is no- other then a 2#adrant made upon a piece of very 
thin Braſs, and divided into go degr. the Braſs being cut 
away Cloſe tothe diviſions of the degrees on the out-ſide, and 
alſo the hollow within, ſo that there remains nothing but the 
Limb and the two Sides, as you may diſcern by the Figure. In 
the protraFing or laying down of Aneles ; and in fodivg of 
the quantity of Argles already laid down, this is 
Its Uſe. 

Uppoſe you were to __B_,..:'/ 
nde the quantity of |*R*? 
the Angle CAB, Hold 
a Piz or Needle upon. the 
angular Point at A, -to 
which bring. the Centre 
of your Quadrant, (noted 
alſo with A) and there 
turn kt about, till the 2e- 
ridiany Line thereof, A B, 
lie upon the Line A B of 
the Azgle : then ſee un- 


der what deprees of the 
Quadrant the Line A C 


C 2 lieth, 


12 T rigonometricall T heorems. 


Heth, which you ſhall find to lie juſt under 40 degr. And ſuch 
is the quantity of the Angle C A B, —And if upon the Line 
BAyou were to protratt ſuch an Angle of: 40 degr. Lay 
the Meridian Line of the ©xadrant upon theLine A B, ( the 
Centre of the Qxadrart upon the Point A) and with your 
Needle make a prick or point juſt againſt 40 degr. of the 

uadrant's limb. So a Line drawn from A through this Point 
{ball make an Angle of 40 degr. 


 T rigonometricall T heorems. 


I. Triangle is a Figure conſiſting of three Sides, and as 
many Angles; as is the Figure C AB. 

2. Any two Sides of a Triangle are called the Sides of the 
Angle contained by them; as the Sides CB, and A B, are the 
Sides containing the Angle CB A. 

3- The meaſure of an Angleis the quantity of the Arch of 
a Circle, deſcribed upon the angular Point, and cutting both 
the Sides containing the Angle. As in the Triangle A CB, 
the Arch f g isthe meaſureof the Angle at C, the Arch d e 
1s the meaſure of the Angle at B, and the Angle at A is a right 
Angle containing 9o degr. 

F 4. A Degree is the 
TH 360. part of any Cuccle. 
bo | Therefore, | 
5, A Semicurcle con- 
tains 180 degr. And 
6. A Quadrant (or 
right Angle) contains 
OO degr. IEA 
- 7. The Complement 
of an Angle leſs then 9o 
degr. is lo much as that 
Angle wanteth of 90 deg 
S 


T rigonometricall T heorems. 13 
As the Angle ACB of the Triangle containeth 53 degr. 
7, min. the Complement whereof is 36 degr. 53 min. which 
is ſo much as 53 degr. 7 min. wanteth of 9o degr, For if you 
ſubtract 53 degr. 37 min. from 9o degr. ( or from 89 degr. 
60 min. for eaſe in ſubtracting ) the remainder will be 36 
degr. 53 min. 

3. The Complement of an Angle to a Semicirele 1s ſo much 
as that Angle wanteth of 180 degr. So the Angle C being 
53 degr. 7 min. take 53 degr. 7 min. from 180 degr. (or from 
179 degr. 60 min. ) and the remainder will be 126 degr. 

3 min. which is the Complement of the Angle C to 180 degr. 
' 9. An Angle iseitther right, acute, or obtuſe. _ 

Io. A Right Angle is that whoſe meaſure is 90 degr. or a- 
Quadrant. 

11. AnAcute Angle 1s leſs then a right Angle, and alwaics 
contains leſs then 9o degr. 

12, An Obtuſe Angle is greater thena right Angle, and al-: 
wales contains more then go depr. 

13. A Triangleis either right-angled, or oblique-angled. 

14. A right-angled Triangle is ſuch a T riangleas hath one 
right Angle. Ag the Triangle C AB hath one right Angle, 
namely, that at A, which containeth juſt go degr. 

I5. In every right-angled Triangle, that Side which ſub- 
tendeth ( or lieth oppoſite to ) the right Angle 1s called the 
Hypotenuſe 3 and of the other two Sides the one is called the 
Perpendicular, andthe other the Baſe, at pleaſure : But moſt 
commonly the ſhorter ſide is called the Perpendicular, and the 
longer the Baſe. Thus in the Triangle CBA, BC is the 
 Hypotenuſe, CA the Perpendicular, and A Bthe Baſe. 

16.' In every right-angled Triangle, If you have one 
of the acute Angles given, the other is allo given, it being 
the- Complement thereof to go degr. As in the Triangle 
CAB, if you havethe Angle at C 53 degr. 7 min. given, 
you have alſo the Angle at B given, it being the Complement: 
of that at C to 9o degr. wherefore take 53 degr. 7 mm. from 

| C23 9C degr.. 


Id. T rigonometricall Theorems, 
go degr. and there will remain 36 degr. 53 min, which is the 
quantity of the Angle at B. 


17. In all right-lined Triangles whatſoever , ( either right- 
angled or oblique-angled ) the three Angles together are 


equal to two right Angles, or contain 180 degr. Therefore, 
if you have any two Angles of a Triangle given, you have 
alſo the third given, it being the Complement of the other 
two to 180 degr. Thus in'the Triangle CD B, if there 
were given the Angle C DU B 43 degr.. 20 nin. andthe Angle 
CBD 14degr. 40 min. 1{ay , by, conſequence you have the 
third Angle D CB alſo given, it being the Complement of 
the other two to 180 degr. For thetwo given Angles BD C 
43 degr. 20 min. and. C BD 14 degr. 40 min. being added 
together, make 58 degr. which belng taken from 180 degr. 
there will remain 122 degr. the quantity of the obtuſe Angle 
DCB. 

18. Inall Triangles whatſoeyer, the Sides are in proportion 
onetothe other asthe Sincs of the Angles oppoſite to thoſe 
Sides. Sointhe Triangle C DB, the Sine of the Angle at 
D is the proportion tothe Side C B, which is oppoſite to it; 
as the Sine of the Angle at B is to the Side CD, or the Angle 
at C to the Side D B. | 
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F The Second ExFERciset. 


C4 


XD H4T aLineof <qual parts, and a Line of 
F 8 Chords, is, is not unknown to any conver- 
STO. y ſat in the leaſt with Mathematicall Pra&i- 
TEES ces. For a Line of 'equal parts: is onely 4 
& 9” Line of any length equally- Hvided into any 
NF £ | ennder of equal parts, ws 10,20, 30, 6O, 
& 100,1000,8&c. And a Line of Chords 
;: mo other then the Degrees of a Quadrant, or quarter of a Circle, 
(which contains 90 degr. ) transferred from. thoſe "degrees to a 
firgight Line 4 in the foregoing Exerciſe T have ſhewed: Theſe 


Lines, 


16 Redilineal T rigonometry. 

Lines 4 equal parts azd Chords, being put upox aplain Ruler, 
(whic be that make Mathematicall Inſtruments how how to 
doe ) will, by the Precepts following , meaſure all manner of 
Triangles, whether plain or ſpherical. But before I come to 
the Solution of the ſtverall Caſes appertaining to Triangles, Z 
would have you take notice, That every I riangle, whether plain 
or ſphericall, conſiſteth of ſix parts, namely, of three Sides, and 
as many Angles 3 any three of which being given, a fourth may 
be found. Now in the reſolving of right-lined I riangles, if the 
be right-angled, -I call the Side oppoſite to the _ Angle the 
Hypotenuſe 3 and of the other Sides, comprehending ihe right 
Angle, I call the longer of them the Baſe, and the ſhorter, the 
Perpendicular. ——B#t 2 the Solution of oblique-angled plain 
Triangles, 7 call the longeſt Side of the Triangle the Baſe 3 
and the other two, the two Sides, without any other diſtinFion of 
Denomination or Name. Theſe things being premiſed, Icome now 
to the Solution of plain Triangles, both right and oblique-an- 
gled. And | 


I. Of Right-angled plain T rianghes, 


AH E Triangle which I ſhall make uſe of in the ſeverall 
Caſes belonging to a right-angled plain Triangle ſhall 
be this following, C A B, in which 


parts. 
AB, the Baſe, | (280. 
CA, the Perpendicular conan} 35 
CB, the Hypotenuſe, (225 
And , , deg. m. 
A, the right Angle, | (g0—00 
C, the Angle at the Per conan} 53—7 | 
B, the Apgle at the Baſe,) 36-53 
Case 


L 
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Castkt -L 


The Baſe: B A 180, and the Perpendicular C A:135, being: 
given, to finde the Angles Band C. - 


Raw aLine AB, and from your Scale of equal parts 
take 180, and ſet them from A to B 3 then on the Point 
A raiſe the Perpendicular A C, and: becauſe it contains 135 , 
bake 135 parts from your Scale of equal parts, and ſet them 
from Ato C3 thendraw the Line C B : which three Lines will 
conſtitute the Triangle CAB. 8 _ 

Now to finde the Angles C and B, take in your Compaſles 
60 degr. of your Line of Chords, and ſetting one foot in C, 
deſcribe the Arch fg; alſo ſetting one foot in B, deſcribe 
the Arch 4 e- thentake in your Compaſſes the diſtance from 
f to g, which meaſured upon your Line of Chords wilt 
reach from the beginning thereof to. 53 degr. 7 min. andſuch 
1s the quantity of the Angle at C.——Iln like manner take 
the Uritance between d and e in your Compaſles, that-diſtance 
applied to your Line of Chords will reach to 36 degr..53 mim. 
—— Or; when you had found the quantity of the. Angle: C tabe 

| D 53 deer. 


48 Refined! T rigonometry. 
53 degr. 7 min. if you had ſubtraFed that fron 180 degy. the 
remainder would have been 36 deer. 53 min. the quantity of the 
Anole at B, without drawing of the Arch d e, and meaſuring 
it upon your Chord. | To 
For ſuch as have a Canon of artificial Sines, T angents and 
Logarithms, and-would reſolve this Cale by them, this is 
The Analogie or Proportion. 
As the Logarithmof AB isto the Logarithm of A C, 
:So is the Radius to the Tangent of B. 


C ass Il. 


"The Hypotenuſe C B 225, and the Baſs AB 180, being given , 
to finde the Angles B andC. 
Raw aright Line A B containing 180 parts of your Scale 
of equal parts, alſo out of the ſame Scale of equal parts 
take 225, your Hypotenuſe, and ſetting one foot -of your 
:Compaſles in B, with the other deſcribe the obſcure Arch 
hþks then onthe Point A raiſe the Perpendicular A C, which 
will cut the obſcure Arch þ4 inC 3 then draw the Line CB, 
lo have youthe Triangle CAB : then may you meaſure the 
quantity of the Anglesat C and B as in «he laſt Caſe, And 
{owill C be 53 degr. 7 min. and B 36-degr. 53 min. 
The Analogie or Proportion i, 
As the Log. of CB is to the Radius, | 
So is the Log. of the Side AB to the Sine of C. 


Cas Il. 
The Baſe AB 180, the Angle C 53 deer. 7 min. and the An- 
gle B 36 deg.53 min.being given, to finde the Perpendicular C A, 


Raw a right Line A B containing 180 parts of your Scale, 
for the Baſe of your Triangle; then taking 60 degr. 
Jrom your Line of Chords, on the Point B deſcribe the Arch 


de, 
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dee, and (becauſe the Angle at B contains 36 degr. 53 min. ) 
take 36 degr. 53 min. from your Chord, and ſet it from d to 
e, and from B, through the Point e, draw the Line B C. Allo - 
upon the Point A erect the Perpendicular AC, crofling the. 
LineBC in C. . So have you- formed the Triangle CAB. 
Laſtly, take the length of the Line A C in your Compalles, 
and meaſuring it upon your Line of equal parts, you fhall find 
it to contain 135. And thatisthe length of the Perpendicular. 
CA. 

The. Analogie or Proportion js, 
As the Sine of the Angle at C is to the Log. of AB, 
| Sois the Sine of the Fon B tothe Logar. of C A. 

F, 

As the Radius 1s to the Logar.. of A B, 
So. 1s the Tangent of B to the Logar. of CA:. 


CASE IV_ 


The Hypotenuſe CB 225, the AngleC 52 degr. 7 min. and the: 
Angle at B 36 degr. 53 min. given, to finde the Baſe B 4, and. 
the Perpendicular C 4. 

Raw a right Line 


P CB containing 225 
of- your Line of equal 
parts;then taking 60 deg. 
out of your Line of 
Chords, ſet one foot of 
the Compaſles in B, and 
with the- other deſcribe 
the Arch ed; alſo. ( the 
Compaſles continuing at 
the ſame- diſtance Y place © 
one foot in C, and with 
the other deſcribe the 


20 Re#ilineal T rigonometry, 
Arch g f. Then from the Point B, and through the Point 
 d, draw a right Lines alſo from the Point C, and through 
the Point f, draw another right Line : theſe two Lines will 
interſe& or croſs each other in the Point A, forming the 
Triangle CAB. Laſtly, take the Line AB in your Com- 
paſſes, and applying it to your Scale of equal parts, you fhall 
tinde it to contain 180 3 and that is the length of the Baſe A B. 
Likewiſe A C being taken in the Compaſles, and meaſured 
upon the Line of equal parts, will be found tocontain 135, 
which is the length of the Perpendicular CA. 

The Analogie or Proportion is, 
As the Radius is to the Logarithm of CB, 
So is the Sine of C to the Logarithm of A B, 
And the Sine of B to the Logarithm of C A. 


Latt VF. 


The Hypotenuſe C B 225, and the Baſe A B 180, being given, 
ts finde the Perpendicular C A. LO 


Raw a right Line A B containing 180 of your Scale of 
equal parts, and upon the end A erect a Perpendicular 
AC. Thentake out of your Scale of equal parts 225, ( the 
length of your Hypotenuſe given, ) and ſetting one foot of 
the Compaſſes in B, with the other deſcribe the Arch k, cut- 
ting the Perpendicular A CinC, then draw the LineCB : fo 
have you conſtituted the Triangle CAB, Laſtly, take in your 
Compaſlles the length of the Line A C, and apply it to your 
Line of equal parts, where you ſhall finde that it will contain 
135: and that is the length of the Perpendicular CA. 

The Analogie or Proportion is, | 

TT, Operation. 

As the Logarithm of CB 1s to the Radius, 
So is the Logarithm of A B to the Sine of C. 


2s Oper a® 
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34 2, Operation. 
As the Radius is to the Logarithm of CB, 
Sois the Sine of B (the Complement of C) to the Log. of C A. 


Case VL. 


The Baſe A B 180, the Angle C 53 deer. 7 min. and the Angle 
B 36 deer. 53 min. being giver, to finde the Hypotenuſe C B. 


Raw a right Line A B containing 180 parts of your Scale, 

for the Baſe of your Triangle, and on the end A erect 
a Perpendicular A C. Then take 60 degr. out of your 
Line of Chords, and upon the Point B, with that diſtance, 
deſcribe the Arch 4 ez and ( becauſe the Angle at B is 
36 degr. 53 min.) take 36 degr, 53 min. from your Line of 
Chords, and ſet it upon the Arch from d to e. Then from 
B, through the Point e, draw a right Line, till it meet with 
the Perpendicular before drawn, which it will do in the Point 
C. And thus have you protracted your Triangle C AB. 
Laſtly, take in your Compaſſes the length of the Hypotenuſe 
CB, and meaſure it upon your Scale of equal parts, and you 
{hall finde it to contain 225. 4s 

The Analogie or Proportion is, 
As the Sine of C is to the Logarithm of A B, 
So is the Radius to the Logarithm of CB. 


C ASE VII. 


The Baſe AB 180, and the Perpendicular C A 135 , being gi- 
ven, to finde the Hypotenuſe C A. 


TNARawaright Line AB containing 180 equal parts, and 
Y upon the end A ere the Perpendicular A C, and out 
of your Scale of equal parts take the length thereof 135 , 


which ſetfrom A to C, and draw the Line C B, which con- 
D 3 {titutes 
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ſtitutes the Triangle C A B. Laſtly, take the length of the 
Hy potenuſe C B in your Campalles, and! meaturing it npon. 
your Line of equal. parts, you ſhall finde it to contain 225. 

The Analogie or Propertion is, 

I. Operation. | 
As the Logarithm of A Bis to the Logarithm of C A, 
So is the Radius to the Tangent of B. 
2, Operation. 

As the Sine of B 1s to the Logarithm of C A, 
So is the Radius to the Logarithm of C B. 


Thefe are the ſeverall Varieties or Caſes that can at any time 
fall out in the Solution of Right-angled plain Triangles, wherefore 
we will now proceed to the Selution of Oblique plain Triangles. 


II. Of Oblique-angled plain Triangles. 


PFJ HE Tria,zgk which I ſhall make uſe of in the Solution 
" |} of the ſeverall Gaſes appertaining to an 0b/ique-argled 
plain Triangle \hall be this following, C'D B, in which 
parts 
D B, the Baſe, C335 
CB, the longer Side, Fcomained 57 L 
D C, the ſhorter Side, IOO 
nd os deg. ms 


CG, the obtuſe Angle,  .- CHI3-—=00 
BFthe 2 acute Angles, 1 NOR ( abs 


C ASE 


23 


Cast-:1;:- 


Two Sides, as the Baſe DB 335, and the SideC B 271, and 
the Angle. D 43 degr. 20 min. oppoſite to C B, ts finde the 
Angle at C, oppoſite to the Baſe D B, 


Raw a right Line D B repreſenting the Baſe of your 
| Triangle, which, by help of your Scale' of equal parts, 
make to contain 335. Then upon the Point D, with the 
diſtance of 60 degr. of your Line of Chords, deſcribe the 
Arch k4 1, and from your Chords take 43 degr. 20 min. 
the quantity of the *Angle at D, and ſet it upon the Arch- 
line from / to 4, drawing the Line C D. And becauſe 
your other given Side B C contains 271 parts, take 271 
out of your Line of equal parts, and ſetting one foot in 
B, with the other deſcribe the Arch ###, crofling the for- 
mer Arch k / inthe PomtC : then draw the Line CB. So 
ſhall you have conſtituted the Triangle CD B. Laſtly, be- 
cauſe it is the Angleat C that is required, take 60 degr.of your 
Chords, and upon G deſcribe the Arch g h, and taking the 
diſtance between g and þ, apply it to your Line of Chords F 
an 
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and you ſhall finde it to reach from the beginning thereof be- 
yond the end of the Line; wherefore take 9o' degr. the 
whole Line, and ſet that diſtance from g too; then take the 
remainder ofthe Arch o h, and meaſure that upon your Chord, 
and you ſhall finde it to contain 32 degr. which added to 
90 degr, make 122 degr. and-thatis the quantity of the An- 
oleat C, which was required. oy. 
The Analogie or Proportion 3s, 

As the Logarithm of B C is to the Sine of D, 


So is the Logartthm of D B to the Sine of C. 
Fe Cat 15 


The Baſe DB 335, and the Side DC 100, with the Angle D, 
43 deer. 20 min. contained between them, to finde either of 
the other Aneles at B and C. 


Raw a right Line, as D B, containing 335 of your Scale 
of equal parts, which ſhall bethe Baſe of your Triangle. 
Then with 60 degr. of your Line of Chords, upon the Point 
D deſcribe the Arch k& 13 and becaule the given Angle at 
D contains 43 degr. 20 min. take 43 degr. 20 min. from your 
Lme of Chords, and ſet it from to k, drawing the Line D 4. 
Again, becauſe the given Side D C contains 100, ſet 100 of 
your Line of equal parts from D to C; then drawing a right 
Line from C to B, you ſhall by that means find the oblique- 
angled Triangle CDB. Laſtly, being the other two Angles 
at Band Care to be: found, with -60 degr. of your Chord 
on the Point B deſcribe' the Arche f5 alſoupon the Point C 
deſcribe the Archgoþ. Then if you take the diſtance be- 
tween eand f in your Compaſles, and meaſure it upon your 
Line of Chords, you ſhall finde it to contain 14 degr. 40 min, 
And thatis the quantity of the Angle at B. Then being the - 
Angle at C, which is alſo required, is obtuſe, ard contains a- 
bove 9o degr. take 9o degr. out of your Line of Chords 3 
SC OT an 
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and ſet that diſtanceupon the Archg h, from g too- and ta- 
king the other part of the Arch o þ in your Compaſles, mea- 
ſure that upon your Chord, and you ſhall find it to contain 
32 degr. which added to go degr. makes in all 122 degr, And 
ſuch is the quantity of the other enquired Angle at C. 
The Amnalogie or Proportion 3s, 
As the Log. of the Sum of the two Sides given, CD and C B, 
is to the difference of thoſe Sides, 
So is the Tang. of half the Sum of the twounknown Angles, 
CandB, tothe Tangent of half their difference. 


Cage; T2 


The three Sides, DB 335, CB 271, and DC 100, bei 
given, to finde any of the Angles, as B. | 

FT NRaw a right Line C D, containing 100 of your Line of 

equal parts, Then the other fide of the Triangle being 

271, take 271 out of your Scale of equal parts, and ſetting 

one foot of the Compaſles in C, with the other deſcribe the 

Archrs. Alſotake the lengthof your Baſe 335 out of your 


Line of equal parts, and ſetting one foot of the Compatles in 
E D, 
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D, with the other deſcribe the Archp q , croſſing the former 
Arch rs inthe Point. B, Then draw the Lines C B andD B, 
and they ſhall form your Triangle CD B. Laſtly, becauſe 
the Angle at B is ſought, take 60 degr.of your Line of Chords, 
and ſetting one foot of the Compaſſes in B, with the other 
deſcribe the Arch ef. Then take the diſtance between e and 
_. F, and meaſure it upon the Line of Chords, and you ſhall find 
 Ittocontain 14 degr.40 min. which 1s the quantity of the Angle 
atB. And in the ſame manner might any of the other An- 
glesat CorD have been found. 
The Analogie or Proportion is, | 
As the Log. of the greater ſide D B is to the Sum of the other 
_. two Sides, DCandCB, i 
So.is the difference of the two Sides to-a fourth Sum. 

Which fourth Sum being taken from the Baſe, will leave 
another number, the half whereof will be the place in: the 
Baſe where a Perpendicular let fall from the obtuſe Angle 
would fall upon the- Baſe : and ſo the oblique Triangle is re- 
duced into-two right-angled , and may be reſolved by the 
Precepts of right-angled Triangles. 


Cages Iv. 


The three Angles, C 122 deer. D 43 deer. 20 min. and B 14. deg. 
| {© min. bethg given, to finde any of the Sides, as BC. 


'N this Caſe, where the three Angles are given, and none of 
| the Sides, you are to take notice, that the Sides cannot be 
abſolutely found themſelves, but the Proportionality of them. 
Wherefore pb $ 
Draw a Line, as DB, of any length, and taking 60 degr, 
of your Line of Chords, ſet one foot of the Compaſtesupon 
D, and with the other deſcribe the Arch 1k; alſo ſet one 
foot in B, and with the other deſcribe the Arch e f. Then, be- 
cauſe the Angle at D contains 43 degr. 20 min, take 43 degr.. 
20 MIN. 


20 min. from your Line of Chords, and ſet them from /to k. 

Alſo the Angle at B being 14 degr. 40 min. take them likewiſe 

from your Line of Chords, and ſet them from e to f This 

done, draw the Lines B f and D4, extending them till 

they meet one with another , which they will doe in the 

Point C. So have you conſtituted the Triangle CDB, the 
t 


Sides whereof will be in proportion the one to 
Sides of this I riangle are, 


Cass V, 


e Other as the 


The two Sides DC 100, and CB 271, with the Angle at C 
122 deer. being given, to finde the Baſe DB. | 


T NRaw a right Line, as CB, containing 271 of your Line of 

equal parts, and onthe Point C, with 60 degr. of your 
Line of Chords, deſcribe the Arch go h. Then, . becauſe the 
given Angle C contains 122 Jegr- it being 32 degr. above 
90 degr.firſt take 9o degr.trom oft your Line of Chords, and 
ſet it upon the Arch from g too and then take 32 degr. from 
your Chord alſo, and ſet them upon the ſame Arch from o to h, 
and draw the Line C þ : thentake 100, the length of the other 
_ given Side, and ſetit from CtoD, and draw the Line DB, 
E 2 which 
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which will contain 335 of your Scale of equal parts. And that 
is the length of the Baſe D B, which was required. 

The Analogie or Proportion. 

You muſt firſt finde the two Angles at D and B, Then 
make choice of one of the Sides, as CD, to work your Pro- 
portion by. Then 
As the Sineof Bis to the Sine's Complement of C, 

Sois the ha. ot CD to the Log. of D B, 


The End of the Doirine of the Dimenſion of 
right-lined Triangles, 


THE 
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The Third Exrrcise. 
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A = 


Don <2 S the Sides of Right-lined Triangles were. 
IA W= } meaſured by Equal parts aud their Angles 
IL by aLine of Chords; ſo the Sides of Sphe- - 

\ ES ricall Triangles being Arches of great Cir- 

\®_) cles-of the Sphere, both they ard the An- 

$ ).\, gles alſo may be meaſured by Chords onely. 

2 / Of Sphericall Triangles there be two kinds, 

4 there were of Right-lined 3 namel,right- 

angled and oblique-angled : of both which there are 28 Caſes, 
VIZ, 16 of Tight-angled, and 12 of oblique-angled. And ts 

E 3. | obſerve. 


\. - 


Oo Sphericall Trigonometry. 
obſerve the ſame Method in theſe as T did iz plain Triangles, 
Twill begin with the Solution 


| I. Of Right-angled Spherical Triangles. 


———"H E Rzght-angled ſphericall T riangle which I ſhall make 
uſe of for my Examples ſhall be this following, ABC, 
whoſe Sides and Angles contain as followeth. 


deg. m. 


A B.* ZO——OO 
The Side + C © containeth | I—-30 
AC 27 —54 


A” 23—3O 
The Angle at I: containeth £ O——22 


TC JO—OO 
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Car FE: 


The Baſe A C 27 degr. 54 min.and the Perpendicular C B 11 degr. 
30 min, being given, to finde the Hypotenuſe A B. 


The Analogie or Proportion is, 
As the Radius 1s to the Co-line of B C 78 degr. 3o min. 
So is the Co-ſfine of A C 62 degr. 6 min.to the Co-fine of A B.. 


Firſt, take the Sum and the Difference of the ſecond and 
third Terms in the Azalogze or Proportion ; namely, the'Sum: 
and Difference of the Complements of the Perpendicular 
BC 11 degr. 30 min. and the Baſe A C 27 degr. 34 min. 

degr.. m. 

 TheBaſeAC is— MP - its Comp.—62—06 , 

The Perpendicular B Cis-11-—30. its Comp. —78—30 


Sum ——140 —36 


Differ. ——16— 24. 
GE 


* A 


TAvingfound this Sum and Difference, draw a right Line 
BAC; then take 60 degr. outof your Line of Chords, 

and ſetting one foot of the Compaſles in-A, with the other. * 
deſcribe the Semicircle B D C, and upon the Centre A erect 
the Perpendicular A D. This done, take 16 degr. 24 min.. 
( the Difference ) out of your Line of Chords, and ſet them 
from B toe; allotake the Sum 140 degr, 36 min. ( orxather. 
39 degr. 24 min. the Complement thereof to 180 degr.) and 
ſet them from C to g, and from the Points e and glet fall the 
two Perpendicularse f and g + then divide the {pace be- 

tween f and 4h 1nto two equal parts inM, and ſctthe ance 

| Me. 
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Mh orM f from Ato k, and draw the Line 4 7 parallel to 
A B, cutting the Semicirclein / : ſo ſhall D / be the quantity 
of the Hypotenuſe AB, which if you meaſure upon your 
Line of Chords, you will finde to contain 3o degr. 


Gast 


The Hypotemuſe A B 30 degr.and the Angle at the Baſe 4 2.3 egy: 
30 min, being given, to find the Perpendicular B C. 


The Analogie or Proportion is, 


As the Radiusis tothe Sine of the Hypotenuſe A B Zo degr. 
So is the Sine of the Angle at A 23 degr. 30 min. to the 
Sine of the Perpendicular B C, 11 degr. 3o min. 


| Take the Sum and Difference of the Angle at A 23 degr. 
30 min. and the Hypotenuſe AB 30 degr. 
degr. m. 
The. Siam. is-—————3---30. 
The Difference i———6—30 


Having 


, 
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Aving drawn your Semicircle BD C, as in the laſt Caſe, 
take 6 degr. 3o min. the Difference, out of your Line 
of Chords, and ſet themupon the Semicircle fromB to #; alſo 
take 53 depgr. Zo min. from your Line. of Chords, and ſet 
them upon your Semicircle from B to o, and from the Points 
22 and 0 let fall two Perpendiculars #» p and o 4. Then 
divide the ſpace between p and q into two equal parts in s; 
then take the diſtance g s, and ſet it from A tor, and through 
the Point? draw a Line # r parallel to AB: ſo ſhall B r, be- 
ing meaſured upon your Line of Chords, contain 11 degr. 
30 min: which is the quantity of the Perpendicular B C. 


GC 4as8'i:ME; 


The Baſe A C 27 degr. 54 min. and the Angle at the Baſe A 23 d. 
30 min, being given, to find the Angle at the Perpendicular B. 


T, he Analogie or Proportion 7s, 
As the Radius is to the Ce-fine of A C 62 degr. 6 min. 
So is the Sine of the Angle at A 23 degr. 30 min, to the Co- 
ſine of the Angle at B. 


Take the Sum and Difterence of the Co-ſine of AC 6 2d, 
6 min. and of the Sine of the Angle at A 23 degr. 3o mln. 


degr. m. 
The Sum 15——— 85—36 
The Difference 1s 38.-—36 


Eing thus far prepared, and having drawn your 'Semicir- 
| cle BDC, out of your Line of Chords take 85 wa. 
36 m.and ſet them upon your Semicircle fromBto 2 ;-allo take 
the Difference 38 degr. 36 min. from your Chord, and ſet 
them from B to 3, and let fall the two Perpendiculars, 3 4, and 
2M. Then divide thediſtance between'M and 4 1nto two 
P equal 
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equal parts in the Point 5, andtaking the diſtance M 5 in your 
Compaſles, ſet it upon the Line A D, from Ato6. Lafily, 
draw the Line6 7 paralleltoB A; fo ſhall D 7 being mea- 
ſured upon your Line of Chords contain 69 degr. 22 min. the 
quantity of the Angle at B required. 


Theſe three Caſes are all ( in Sines alone that have the Ra- 
dins in the ff place of the Analogie or Proportion, and ſo con- 
ſequently all that can be wrought by this Artifice : wherefore thoſe 
which follow muſt be refohued by ather means. 


Cass IV 


The Perpendicular BC 11 degr, 30 min. and the Angle at the 
Baſe 423 degr. 30 min. to finde the Hypotenuſe A B, 


| The Analagie or Proportien is, 
As the Sine of the Angle at A 23 degr. 30 min. 1s to the Sine 
of the Side B C 11 depr. 3o min. 
SO1s the Radius to the Sine of A B. 


FE draw a right LineBA, and upon the Point A , with 
L os degr. of your Line of Chords, deſcribe the Quadrant 
. Then take 23 degr. 30 min. the quantity of the given Angle 
at A, out of your Line of Chords, and ſet them upon the 
Quadrantfrom BtroE. Alfotake 11 degr. 30 min. the quan- 
tity of the given Side B C, outof your Line of Chords, and 
ſet them from B toD; and draw the Lines EF and D G 

both parallel to B A. | 
Then with your Compaſſes take the diſtance between A and 
F, and ſetting one foot in C, with the other deſcribe the Arch 
M, and from A draw the Line A L ſo that it may onely touch 
the Arch M. Then taking the diſtance A G in your Com- 
pailes, fet. one foot of them upopthe Line AC, and draw 
| gently 
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gently and ſoftly along the Line A C, till the other foot, 
being turned about, will one rl juſt touch the Line AL: ; and 
when it fo toucheth, mark where the other Point reſteth upon 
the Line A C, which you ſhall finde it to doe at the Point 6. 
Laſtly, through the Point 6 draw the Line 6 2, parallel to A B, 
So ſhall the diſtance 2B 6, being meaſured upon the Line of 


Chords, contain 30 depr. the quantity of the Hypotenuſe 
A B, which was the Side NO 


c ASE 
—_ 


SE 


The Perpendicular B BC 11 degr. 30 min. and the PROP at the Baſe 


A 23 deer. 30 min. being given , to ſinde the _— at the 
Perpendicular B. 


L _ The Analogie | or. Proportion ry 
Z} AstheCo-ſfineof BC 78 degr. 30min. is to the Co-ſine of A 
2 66 degr. 3O min. 


Sos the Radius to the Sine of the Angle at the Perpendicu- 
ar 


F 2 Having 
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Aving. drawn your Quadrant'A-B C, take from your Line 

of Chords.78 degr. 30-min. the Complement of the 
given Side B C, and ſet it from B to.g. Alſo take from your 
' Chords 66 degr. .3o min. the Complement of the given- An- 
ole at A, and ſet them from-B to-b; and through the Points 
and bdraw the Lines a c and .b d- parallel to BA. Then ta- 
king in your Compaſles the diſtance A c, ſet one foot. in-C, 
and with the other foot deſcribe the Arch p, and draw the 
Line A O fo that 1t onely touch the Arch p. Likewiſe, take 


% 


in your Compaſles the diſtance A 4, and with that difiance , 
{ctting one foot upon;,the Line A C, move it gently along 
that Line till the other foot”, being. turned about , do onely 
touch the Line A O. So ſhall you finde the poiat af the Com- 
paſles to reſt in the Point e, through which Point draw the 
Line e o parallel-to.B A.. ..Fhen meaſure the diſtance B o up- 
on your Line of Chords, and you ſhall finde it to contain 
69 degr. 22 min. the quantity of the enquired Angle at B. 


_ 


CASE 
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CGasSe VL 


The Angle at- the Baſe 4 23 deer. 30 min. and the Angle at the 
Perpendicular B 69 deer. 22 min. being given , to finde the 
Baſe AC. | 


The Analogie or Proportion 5s, 


Asthe Sine of the Angle at A 23 degr. 30 min. 1s: to the Co- 
line of the Angle at B 20 degr. 38 min. 
So is the Radius to the Co-line of-the. Baſe A C.. 


Our Quadrant being drawn, take 23 degr.-30 min. the 
quantity of the Angleat A, and ſct it from B to E. 
Alſo Rs 6 20 degr. 383 min. the Complement of the Angle at 
B, out of. your Line of Chords, and ſet themupon your Qua- 
drant from Bto R, and through the Points E and R draw the 
LinesE F andR P parallel to AÞB.. 

Then take in your Compaſles the diſtance A F, and ſetting 
one foot in C, with the other deſcribe the Arch M, and draw 
the Line A L ſothatit onely touch the Arch M. Then in your 
Compaſles take the diſtance A P, and ſetting one foot upon 
the Line A C, move it along till the other, being turned about, 
do-onely touch the Line A L3 and whenit ſo toucheth-, note 
upon what.part of. the Line A C the Compals-point reſteth., 
which you will finde it to doe at the Point T ; through that 
Point draw the Line TS parallel toB A. So ſhall the diftance 
BS, being meaſuredupon your Eine of Chords, contain 62 d. 
6 min. the Complement of the enquired Side : or, S C will 
grve 27 degr. 54 min. the Side it ſelf. 


Þ_ 3. | CASE 
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GaSe VII, 


The Baſe A C27 degr. 54 min. and the Hypotenuſe AB $0 deer. 
being given, to finde the Angle at the Perpendicular B, 


The Analogie or Proportion is, 


Asthe Sine of the Hypotenuſe A B 3o degr. is to the Radius, 
Sos the Sine of the Baſe A C 27 degr. 54 min. to the Sine of 
the Angle at the Perpendicular B, 


Aving drawn your Quadrant, take from your Line of 

Chords 3o degr. the quantity of the Hypotenuſe, and 
ſet them upon your Quadrant from B to 2 3 alſo take 27 degr. 
54 min. the quantity of the Baſe, from your Chords, and ſet 
them fromBtoK, and draw the Lines 2 6 and K H, both 
parallel tothe LineBA. Then taking in your Compaſlesthe 
diſtance A 6, ſet one foot of them in C, and with the other de- 
ſcribe the Arch Z, and draw the Line AX, fo that itonely 
touch the Arch Z. Then taking in your Compaſſes the di- 
ſtance AH, ſetone foot upon the Line A C, moving it along 
till the other foot, being turned about, will onely touch the 
Line AZ; and where the point of the Compaſlcs reſteth up- 
on the Line A C, which it will doeate, through that Point 
draw the Line o e parallel toBA. So fhall B o, being mea- 
fured upon your Line of Chords, give you 69 degr. 22 min. 
the quantity of the enquired Angle at B. 


Casr VII, 


The Baſe A C 27 degr. 54 min. and the Hypotenuſe 4 B 30 degr. 
being given, to finde the Perpendicular BC. 


The Analogie or Proportion is, 


As the Co-fine of the Baſe A C 62 deer. 6 min. isto the Radius, 


So 15 the Co-line of the Hypotenuſe 60 degr. to the Co-fine of 
the Perpendicular B C, 


Having 
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Aving drawn your Quadrant A BC, take out of your 

Line of Chords 62 degr. 6 min. the Co-fine of the Baſe 
AC, and ſet them from BtoS. Alfotake from the Chords 
60 degr. the Co-line of the Hypotenuſe, and ſet them from 
Btoz»: and draw the Lines ST and + » both parallel to 
B A. Then taking the diſtance A T' in your Compaſles , 
ſet one foot 1n C, and with the- other deſcribe the Arch V, 
: and draw the Line A W (ſo that it may onely touch the Arch 
V. Then taking A » in your Compaſlles, move one foot 
thereot gently along the Line CA, till the other, being tur- 
ned about, doth onely touch the Line A W 3 and where the 
Point reſteth upon the Line CA, which you will finde to 
be at c, there make a mark , and draw the Line © a: paral- 
lel toBA.. Laſtly, take the diſtance from B to 4, and mea- 
lure it upon your Line of Chords, where you ſhall finde it to: 
contain 78 degr. 30 min. the Complement of the Perpendi- 
cular 3 or, CA meaſuredupon the Chord will give you 11 d.. 
30 min, the Perpendicular it ſelf. 


Theſe Five laſt are all the Caſes in a Right-aneled Spheri- 
call Triangle that are reſolvable by Sines alone. Thoſe which. 
follow are to be reſolved by Sines und Tangents joyntly , and ſo. 
will require another manner of Operation then the former.. 


Gazr IX 


The Hypotennſa A B 30 degr. aud the Angle at the Baſe 4-23 d; 
. 20 min. being given, to finde the Angle at the Perpendicular B. 


The Analogie or Proportion is, 
As the Radius is to the Co-fine-of the Hypotenuſe A B 60 deg.. 
Sois the Tangentof the Angle at the Bale A 23 degr, 30 min. 
. tothe Co-tangent of the Angle, at the Perpendicular B. 
Firſt; 


2 
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Irſt, draw a right Line, as'CH, and upon one end there- 
of_(as at C) ere& the Perpendicular C A, and with the 
diſtanee of 60 degr. of your Line of 'Chords, upon the Cen- 
tre C deſcribe the Quadrant C AD. Alſo upon the Point A 
with 60 degr. of your Chord deſcribe the Quadrant ABC. 


Being thus 
prepared, Firſt, 
take 60 deg. the 
Co-fine of the 
Hypotenuſe A 
- B, and ſet them 
from A to C5 
alſo take 23 d. 
30 m. the quan- 
tity of the An- 
gle at A, andſet 
them from C to 
r3 and draw the 
Line AMF,and 
the Line O G, 
parallel to A C. 

Then take in 
your Compaſles 
the diſtance be- 
tween CandG, 
and ſetting one 
foot in D, with 
| the other de- 
ſcribe the Arch 
K, and draw the 


Line A Lo that it onely touch the Arch K. Then placing 
one foot of the Compaſſes in F, take the leaſt diſtance you 
can tothe Line C L, which ſet from C toE. Laſtly, draw 
the Line AE, cutting the Quadrant C B in N. Sot: ; diſtance 


CN 


aſe 
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C N meaſured upon your Chords ſhall give you 20 degr. 

28 min. the Complement of the Angle at B, which was re- 

quired or, thediſtance B N will give you 69 degr. 22 min. 
| the Angleit ſelf. 


Casr X. 


The Hypotemuiſe AB 30 deer, and the Angle at the Baſe A 23 d. 
Zo min. being given, to finde the Baſe AC. : 


7 The Analogie or Proportion is, 

” _- AstheRadiusisto the Co-ſine of the Angle at A 66d. 3o m. 

, So is the Tangent of A B the Hypotenuſe 3o degr. tathe Tan- 
gent of the Baſe A C. 


H*gs: prepared your Quadrants , out of your Line of 
Chords take 66 degr. 3o min, the Complement of the 
Angle at A, and ſet them from A to, and draw the Line 
4 b parallel toAC: alſotake 3o degr. the Hypotenuſe from 
your Chord, and ſet them from C to c, and draw the Line 
A <, prolonging it to d. This done, take in your Compaſles 
the diſtance from C to d, and ſetting one foot in D, with the 
other deſcribe the Arch P, and draw the Line CQ {o that 
it may. onely touch the Arch P. Then ſetting one foot of 
the Compatles in 6b, take theleaſt diſtance between b and the 
| LineCQ., which diſtance will reach from Ctoe. Laſtly , 
- draw the Line A 6, cutting the Quadrant A CB in the Point 
M. So ſhall the diſtance C M, being taken in the Compaſiles 
and meaſuredupon the Line of Chords, contain 27 degr. 54 m. 
 whichiks the quantity of the Baſe required. 


© _ CasFE 
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Cass Xl. 


The Baſe AC 27 deer. 54 min. and the Angle at the Baſe 4 
23 degr. 30 min. being given, to finde the Perpendicular BC. 


The Analogie or Proportion is, 


As the Radius is to the Sine of the Baſe A C 27 degr. 54 min. 
Soisthe Tangent of the Angle at A 23 degr. 30 min. to the 
Tangent of the Perpendicular BC. 


Our Qua- 
drants be- 
ing prepared, 
out of your 
Line of Chords 
take 27d. 54 m. 
the quantity of 
the given Baſe 
A C, and ſet 
them from A to 
S, drawing the 
Line SR paral- 
lelto CD. Al- 
ſo take out of 
your Chords 
23 degr. 30 ml- 
nutes, the quan- 
tity of the gl- 
ven Angle at A, 
and fet them 
from C tor, and 
draw the Line 
Yr ; AT, prolonging 

— it to F. 

DT This done, 
take 
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take in your Compaſles the diſtance AR, and ſetting one foot 
inD, with the other deſcribe the Arch T', and by the ſide 
thereof draw the Line C V onely to touch it.” Then ſet one 
foot of your Compaſles in F, and with the other take the 
neareſt diſtance to the Line CV, which diſtance will reach 
fromCtoX. Laſtly, draw the Line A X, which will cut 
the Quadrant A B Cin the Point Z. Soſhall CZ, being mea- 
| ſured upon the Line of Chords, contain 11 degr. 3o min. 


which 1s the quantity of the Perpendicular B C, which was 
\ required. 


Casr XII 


The Baſe A C 27 degr. 54 min. and the Perpendicular BC. 11 d.. 
3O min. being given, to finde the Angle at the Baſe A. 


The Analogie or Proportion is, 


As the Sine of the Baſe A C 27 degr. 54. Min. 1s to the Ra- 
_ > 

So is the Tangent of the Perpendicular B C 11 degr. 3o min. 
to the Tangent of the Angle at the Baſe A. 


Raw thetwo Quadrants ABC and CAD, as before. 
Then take out of your Line of Chords 27 degr. 54 m. 
the quantity of the given Baſe A C, and ſet them upon the 
Quadrant from B to E, .and draw.the Line EF parallel: to 
CD. Alſo take 11 degr. :39 min. the quantity of. the Per- 
pendicular B C, and ſet them upoa the Quadrant from EC to 
N, and draw the Line AN, cutting the Line CH in G. 
* This done, take in your Compalles: the diſtance AF, and 
ſetting one foot in D,, with the other, deſeribe the: Arch M, 
and cloſe by the out-ſide of /it or Line. C L. Liſs 
VI, 2 taKe 
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PD "_ nes "* . 
=» @&. ESD 


' 2 r 
FD, 


ITY 


take 1n your Com- 
_ |, paſſes the diſtance, 
C G, and (ſetting. 
one foot of them 
upon the Line CD, 
move it along till 
the other foot, be- 
ing turned about , 
w1ll onely touch the 
Line C Lzand when 
it ſo toucheth, mark 
where the other 
foot reſteth upon 
the Line CD.,which 
it will do at K. Laſt- 
_ ly, draw the Line 
AK, cutting the 
Quadrant CB in 
the Point O. So fhall 
C O; being meaſu-. 
red on the Line of 
Chords, contain 23 
degr. 3o min. the 
quantity of the en- 
quired Angle at A. 


The Baſe AC 27 = 5 449i. WY the Angle at the Baſe A2 2 4 | 
208 nin. eng given, to finde the Hpnſe AB. 4-4 


The Ay 


elogio or Proportion *, 


As the Co-line of the Angle at'A 66 d. 30'm. FD Ve Radius, 
Sois the Tangent 'of the-Baſe A C a7 deg. og to the 


Tangent bf the Hypoteruſe AB. 


" 
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PHE Quadrants being drawn, take the quantity of the 

oven Baſe A C 27 degr. 54 min. out of the Line of 
Chords, and ſet them upon the Quadrant from C to V, and 
draw the Line A V, continuing it till it cut-the Line. C D in 
S. Alfotake 66 degr. 30 min. the Complement of the given 
Angle at A, ont of the Chords, and ſet them from B to ©, 
and draw the Line O P parallel to CD or AB. 

This done, take the diſtance A P in your Compaſles , and: 
fetting one foot.in D, with the other deſcribe the Arch R, 
drawing the Line C Q onely to touch it. Then'take in your 
Compaſſes the diſtance CS, and placing one foot of them. 
upon the Line CD, move it along the ſame, till the other, 
being turned about, will onely touch, the Line CQ ; and 
where the Compaſs-point reſteth nponthe Line C D,-(which 
you Will finde it to doe at T,) there make &mark; and from 
it draw the Line AT, cutting the Quadrant ABC in the 
Point X. So ſhall CX, being meaſured on the Line of 
Chords, give you 3o degr. the quantity of the Hypotenuſe 
required. RT, airs T4 


C81 XIV. 


The Perpendicular BC 11 degy. 30 min. and the Angle at the Baſe 
. 4 23 degr. 30 min. being given, to finde the Baſe 4 C. 


fot: The Amalogie or Proportion 3s, | 
As the Tangent of the Angle at A 23 degr. 3o min.' is to the 
Tangent of the Perpendicular BC 17 degr. 30 tnin. 


Sois the Radins tothe Sinc of the Baſe AC. 


Has drawn your Quadrants, take out of your Line of 
Chords 23 degr. 3o min. the quantity of the Angle at A,, 
and fetthem from C to-O, and draw the Line A O, continu- 
Ing 1t till it cut the Line CDin K.. Alſo Pp out of your Lo 
3 © 


A pe. ] 


B 
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* 
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the Compaſſes at the ſame diſtance, ſet it 
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of Chords 11 degr. 30 min. the quantity of the Perpendicu- 


lar given, and fet 
them from C to N, 
drawing the Line A 
N.and prolonging 1t 


to G. 


This done, take 
In your Compalles 
the diſtance be- 
tween C and K, and 
ſetting one foot in 
D, with the other 
deſcribe the Arch 
M., and draw the 
Line C L. Then 
take in your Com- 
pailes the diſtance 
C G,and ſetting one 
foot upon the Line 
CD, move it gen- 
tly along the ſame, 
till the other, being 
turned about,do on- 
ly touch the Line 
CL3 and when it ſo 
toucheth , keeping 


fromA to F. Laſtly, 
draw the Line F E parallel to A B. So ſhall the diſtance BE, 
being meaſured on your Line of Chords, contain 27 degr. 
54 min, the quantity of the Baſe A C, which was required. 
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CastE XV, 


The Baſe A C 27 degr. 54 min. and the Hypotcnuſe A B30 degy. 
being given, to finde the Angle at the Baſe A. 


The Amnalogie or Proportion 3s, 


f  Asthe Tangent of the Hypotenuſe A B 3o deer. is to the Tan- 
gent of the Baſe A C 27 degr. 54 min. 
Sois the Radius to the Co-fine of the Angle at A. 


H E Quadrants being drawn,out of your Line of Chords 
take Zo degr. the quantity of the Hypotenule given., 

and ſet them -upon the Quadrant from C to X. Alſo take 

3 27 degr. 54 min. the quantity of the given Baſe, from the 

f Line of Chords, and ſet them upon the ſame Quadrant from 
C to V, and draw the Lines A X and A V, prolonging them to- 
T andS. « 

This done, take in your Compaſſes the diſtance between C 

and T, and ſetting one foot in D, with the other deſcribe the 
Arch Z, anddraw the Line C Y onely to touch it.. I hen take 
in your Compaſles the diſtance CS, and placing.one foot upon 
the Line C D, move it gently along.till the other, being turned 
about, do onely touch the Line C.Y3 and where the Point reſt- 
eth upon the Line C D make a mark, which will be at *. Ihen 
take thediſtance C *, and ſetit from A to P, and draw the 

Line P Oparallelto CD. So fhall B O, being meaſured up-: 
on the Line of Chords, give you 66 degr. 30 min. the Com- 
plement of the Angle at A,which was required; or, the diſtance 
fans the Chord fhall give you 23 degr. 3o min. the Angle 
IT IEIT. 
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CaSeg i ANL 


The Anele B at the Perpendicular 69 degr. 22 min. and the An- 
gle at the Baſe A 23 degr. 3o min. being given; to finde the Hy- 
potenuſe AB. 


The Analogie or Proportion is, 
As the Co-tangent of the Angle at B 20degr. 38 min. is to 
the Tangent of the Angle at A 23 degr. 3o min. 
Sois the Radius ta the Co-line of the Hypotenuſe A B. 


Aving drawn the two Quadrants, as before, take out of 

your Line of Chords 23 degr. 3o min. the quantity of 
the Angleat A, and fetthem from C to O. Allo take 20 degr. 
38 min. from your Chord, (the Complement of the Angle at 
B) and ſet them from Cto#, and draw the Lines A O and 
A 4, continuing them to c and K upon the Line CD. 

This done, take in your Compaſles the diſtance CK, and 
ſetting one foot in D, with the other deſcribe the Arch M, 
and draw the Line C L that it onely touch the Arch M. Al- 
ſo take in your Compaſles the diſtance C c, and ſetting one 
foot upon the Line CD, move it gently along the ſame till the 
other, being turned about, do onely touch the Line CL; and 
where the Compaſs-point reſteth upon the Line C D. make a 
mark, asat g. Laſtly, take the diſtance C g, and let it from 
Crom, and draw the Line #2 #2 parallel to AB. So ſhall the 
diſtance D #., meaſured on the Line of Chords, contain 60 d. 
the Complement of the Hypotenule _ or, A; (ball 
contain 3o degr. the Hypotenule it ſel O41 0 


» " * 
# 
Sie 


Theſe 16 Caſes are all that can be propoſed in a Right-an- 
gled Sphericall Triangle. There are 12 other Caſes which belong 
to Oblique-aneled Sphericall Triangles, which we now come to 
reſolve. 


I, of 


r- 
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II. Of Oblique-angled Spherical Triangles. 


HE Triangle that I ſhall make uſe of in the Solution 
of the 12 Caſes of an 0blique-angled Sphericall Triangle 
ſhall be this, A B E : whaſe Sides and Awgles are as followeth. 


degr. mM. 

AB, the Boſh, "2 

The Side + E— —=comin] 18—47 
CAE— A2—5T 

——_ 23—30 

The Ang: - —deonnind 12535 
A —on_—_— 38—15 


H DTT" Cast 


oy ASE AI 


The Angle at E 28 Fg I5 in. the Angle at A422 deer. 20 PM 
era the Side ABJO degr- —_ giver, to finde the _ BE.” 


" The Analogie. or Proportion is, 
As ts Sine of the Angleat E 38 degr. 15 min. 1s to the Side. 
A B 3o deer. 
So is the Sine of the Angle at A 23 degr. 30 mini. to the Sine 


of the Side BE. 


Irſt, draw the Quadrant A B c: clic qut of your Line of 
Chords take 38 degr. 15 min. the quantity of the Angle 
at E, and et itupon the Qyadrant from BtoF.- Alſo take 
30 degr. the quantity of the given Side A B, out of your Line 
of Chords, and ſet them upon the Quadrant from B to E, 
and draw the Lines F G and E H both of them parallel to A B. 


This done, take in your Compaſles the diſtance AH, and 
ſetting 
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ſetting one foot of that extent in G, withthe other deſcribe 
the Arch L, and draw the Line A M fo that it may onely touch 
the Arch L. Then ſetting one foot of the Compaſſes in, with 
the other take the neareſt diſtance to the Line A M : this di- 
ſtance ſet from AtoKk; and draw the Line NK parallel to 
AB. So ſhall the diſtance BN, meaſured upon the Line of 
Chords, contain 18 degr. 47 min. the quantity of the enqui- 
red Side BE, 


Ciss 1]. 7 


The Side A B 30 deer. the Angle at E 38 degr. 15 min. and the 
Side B E 18 deer. 47 #. being given, to finde the Angle at 4. 


The Analogie or Proportion is, 


Asthe Sine of the Baſe A B 30 der. is to the Sine of the An- 
gle at E 38 degr. 15 min. 
So is the Sine of the Side B E 18 degr. 47 min. to the Sine of 


the Angle at A. 

d f Our Quadrant being drawn, from your Line of Chords 
| take 3o degr. the quantity of the Side A B, and ſet them 
from BtoE. Alſo take 38 degr. 15 min. the quantity of the 
Angle at E, and ſet them fromB to F. Likewiſe take 16 degr. 
47 min. the quantity of the given Side B E, from your Line 
of Chords, and ſet them from B to N3 and draw the Lines 
EH, and FG, andNK, all parallel to AB. 

This done, take in your Compaſles the diftance A H, and 
ſetting one footin G,with the other deſcribe the Arch L,draw- 
ing the Line A M onely to touch the Arch. Then take the di- 
ſtance AK in your Compaſſes, and ſetting one foot of them 
upon the Line A C, move it along that Line gently, till the 
other Point, being turned about, will onely touch the: Line 
AM 3 and where the Compaſs-point reſteth upon the Line'A 
C, which it will doe at the Point I, m_ E therefore _ 

1 2 the 
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the LineI D paralleltoB A. So ſhall BD, bemg meaſured 


on your Line of Chords, contain 23 degr. 30 min. the quan- 
tity of the enquired Angle at A. 


CASE . I, 


The Side 4 B 30 degr. and the SideBE 18 degr. 57 min. and 


the Angle at A 23 4egr- Zo min. being gives, gd fide the Baſe 
A E. 


The Analogie or Proportion #, 

As the Corfine of AB 60 degr. is to the Co-tfine of BE 71d. 
I3 min. 

So is the Co-fineof A C 62 degr. 6 min. the place where a 
Perpendicular would fall from B, to the Co-ſine of C E 


75 degr. 3 min, Which CE being added to A C, will give 
the quantity of the Side A E. 


Hl eter drawn your Quadrant, take 60 degr. the Com- 
plement of AB, out of your Line of Chords, and ſet 


w , , 


- them from Bto P. Alfotake 71 degr. T3 m. the Complement 
of 
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of BE, and ſet themfrom B toS. Inlike manner take 62.4. 
6 m. and ſet them fromBto Q 3 anddraw the Lines P O,ST. 
andQ R, all of them parallel to B A. 

This done, take in your Compaſiles the diſtance A O, and 
ſetting one foot in T, with the other defcribe the Arch Y3 and 
draw the Line A Z onely to-touch the Arch Y. Then. take 
the diſtance A R, and ſetting one foot upon the Line A C, 
move it gently along the ſame, till the other foot, being tur- 
ned about, do-onely touch the Line A Z; and where the Com- 
pals-point reſteth, which it will doe at V, through that Point 
draw a Line V X parallelto BA. So ſhall the diſtance C X, 
meaſured upon your Line of Chords, contain 14 degr. 57 min. 
which added tothe former Segment of the Side A C 27 degr.. 


54 min. the Sum will be 42 degr. 51 min. the quantity of the. 
whole Side AE, which was required. 


-Gads.4V 


The Angle at A 2.3 deer. 30 min. the Angle at B 122 degr. 36 m:. 
| andthe Side A B 30 degr. given, to finde the Angle at E. 


&-- 


By the foregoing Caſes in ReQangled Sphericall Triangles 
(if you let fall a Perpendicular from the Angle BR upon.the 
Side AE, as B C,) you may finde the Angle A B C 69 deer. 
22 min. and the Angle CBE. 53 degr. 14 min. which being 
obtained, opal g 
The Analogie or Proportion js, 

As the Sine of the Angle A B C 69 degr. 22 min. is to the Sine 
of the Angle CBE 53 deer. 14 min. © 

So is the Co-l(ine of A 66 degr. 3o min. to the Ce-line of the 
Angle at E. i 


"HE Angles being found and the Quadrant. drawn, take 
: $3 degr. 14 min. out of your Chord, and ſet them from 
BtoE.. Likewiſe take 69 degr. 22 min. and ſet thcm-from B 
H 3 "x 
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toG. Alſo take 66 degr. 3o min. and ſet them from B to F; 
= draw the Lines GH, FI, andE K, all parallel to 
BA, 

This done, take in your Compaſles the diſtance between 
AandK, and ſetting one foot in H, with the other deſcribe 
the Arch M, and draw the Line A N. onely to touch the Arch. 
Again, ſetting one foot of the Compaſles inT, with the other 
take the leaſt diſtance to the Line A N, which diſtance ſet 
from Ato L. Laſtly, draw the Line LD parallel to BA, 
cutting the Quadrant in D. So ſhall the Arch B D, meaſu- 
red upon your:Chords, contain 51 degr. 45 min. the Com- 
plement of the enquired Angle at E 3 or, DC ſhall give you 
38 degr. 15 min. the Angle itſelf. 


Caset V. 


The Anele at A 23 degr. 30 min. the Angle at E 38 degr. 15 
and the Side A B 3o degr. to finde the Angle ABE. 


By the preceding Caſes of Right-angled Sphericall 'I'ri- 
angles, the Perpendicular B C being let fall, finde the Angle 
ABC, which will be found to be 69 degr. 22 min, This 
Angle being obtained, 


' The Analogie or Proportion is, Edrei 

| As the Co-fine of the Angle at A 66 degr.30 min. is to the Co- 
fine of the Angle at E 51 degr. 45 min. 

So is the Sine of ABC 69 degr. 22 min. to the Sine of the 
Angle C BE. if 


H E-Angle A B C being found,and the Quadrant drawn, 
take 66 degr. 30 min. out of your Line of Chords, and 
ſet them from BtoF. Alſo take 51 degr. 45 min. from the 
Chord, and ſet them fromBto D. Likewiſe take 69 degr. 
22 min. (the quantity of the Angle found AB C) hy AY 
ord, 
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Chord, and ſet them from B to G, and draw the Lines FI, 
DL, and G H, all parallel to-A B, 

This done, take i In your Compaſiles the diſtance A L, and 
ſetting one foot of that extent inI, with the other delcribe 
the Arch M, and draw the Line A N onely to touch the Arch. 
Again, ſet one foot of the Compaſtes in H, and with the 
other take the leaſt diſtance to the Line A N, which had, it 
will reach from AtoK 3 through which Point: K draw the 
LmeK E parallel to B A, cutting the Quadrant 1n E. So ſhall. 
the diſtance BE , being meaſured on your Lineof Chords, 
contain 53 degr. 14 min. the quantity of the remaining part 
of the Angle A BE 53 which being added to the Angle AB C. 
( before found ) 69 degr. 22 min. the Sum of. them will be 
x22:degr. 36 min. the quantity of the Angle ABE, which: 
was Fequires.. - 


- Theſe Five lf Caſes are all that in Oblique-angled Spherical 
Triangles are reſolvable by Sines onely, except the Three laſt, which. 
we refſobve by another kind of Artifice. T he 6..7.8.-and 9. fol- 
lowing have Tangents ingredient in the Proportion ,. and ſo do: 
require 4 different way of reſoluing, which: i 46 followeth.. 


"GCaisr VL, 
The Side A- 330 Fn the Baſe AE 42 degr: *t1 grin. and the 


| Angle at 423 degr. '3O min. being gi, to. find the Angle 
Wo __ $0 | 


- The princes B C being bor fall from the Angle at B, 
you muft find the Segment of the Baſe CE 14 degr. 57 min. 
Whit had, © Cales of Right-angled Sphericall I riangles : 


hich had, 
The Analogie or Proportion is, 
As the Sine of the Side C E found 14 degr. 57 min..is to the- 
Sine of A C27 degr. 54 min. F ; 
Q. 
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So 1s the Tangent of the Angle at A 23 degr. 30 min. to the 
T angent of the Angle atE. 


; Our Quadrants ABC and C AD being drawn, take 
14 degr. 57 min. the quantity of CE found, out of 
your Line of Chords,and ſet them from B toE. Alſo take 27 d. 
54 min. the Segment .of the Baſe AE, and ſet them from B 
to H3 and draw the 
Lines E F and GH 
both parallel to AB. 
Alfo, take out of your 
Line of Chords 23d. 
30 min. the quantity 
of the Angle at A, and 

| ſetthemfromC toN; 
and draw the Line A 
N, continuing it to T. 

| This done, take the 
diſtance A G, and ſet 
it from C to O: Alfo 

_ take the diſtance A F, 
and ſetting one foot in 
O, with the other de- 
ſcribe the Arch L 5 and 
drawi'the Line C M 
only that it may touch 
the Arch L. Then take 

7 Hoax Compaſſes the 
diſtance C I, ſet one 
foot upon the Line C 
Fe D, moving it along the 
ſame till the other, being turned about , do onely touch the 
Line CM; and where the other Point of the Compaſſes reſt- 
eth upon the Line CD, which yeu will find it to doeat K, 
draw the Line A K, cutting the Quadrant in P. So aL 
DEINS 
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being meaſured upon your Line of Chords, contain 38 degr. 


x5 min. the quantity of the Angle E, which was required to 
be found. 7 A ae 


Gase VU. 


The Angle at A 23 degr. 30 min. the Augle at B 122 degr. 36 m. 
and the Side 4 B 3O degr. being given, to- find the Side BE. 


Having let fall the Perpendicular B C, andfound the Angle 
B CE bythe former Caſes, then KS 


The Analogie or Proportion 3s, 
As the Co-fine of C BE 38 degr. 46 min. is to the Co-ſine of 


ABC 20 degr. 38 min, 
Sois the Tangent of A B 3o degr. tothe Tangent of BE. 


HE Quadrants drawn , out of your Line of Chords 
Y take 38 degr. 46 min. the Complement of the Angle 
CBE,and ſet them from BtoS. Allo take from your Chords 
20 degr. 38 min. the Complement of the Angle ABC, and 
ſet them from BtoQ_, and draw the Lines PQ and R $ 
both parallel toCD. Again, take in your Compaſles the di- 
ſtance AR, and ſetitfromC to T. Likewiſe take the diſtance 
from A to P, and ſetting one foot of that diſtance in T, with 
the other deſcribe the Arch Y, and by it draw the Line CM 
onely to touch the Arch Y. Then take 3o degr. from your 
Chord, and ſet them from C to X, drawing the Line AX, and 
prolonging it toZ. Laſtly, from the Point T take the neareſt 
diſtance to the Line CM, which diſtance ſet from C to V, and 
draw the Line A V, cutting the Quadrant in M. So ſhall C XZ 
contain 18 degr. 47 min, of your Line of Chords, which is 
the quantity of the enquired Side BE. 


I CasgrE 
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1C bis VIII. 
The Side 43 30 deg r. the Side B E 18 as. 47 #rin. and the 


Angle at A 23 Ar. Zo min. being given, to finde the Angle 
at B. 


Having let fallthe Perpendicular B C, and found the Angle 


ABC 69 degr. 22 min. by the foregoing Caſes of Right-an- 
gled Sphericall Triangles, 


The Analogie or Proportion ir, 
As the Tangent of BE 18 degr. 47 min. is to the Tangent of 
 AB3ooagr. 0 0 


So CBE. _ of ABC 20 _ 38 min. tothe Co-ſine of 


TA VI N G drawn 
our Quadrants; 
out hey your Line of 
Chords take 15 degr. 
47 min. the Side BE, 
- and ſet them from C 
to M. Alfotake 30d. 
the quantity of "es Side 
_ AB. from your Chord, 
and "ſet dg from C 
' to N; and draw'the 
Lines AMand AN, 
continuing them to G 
and H. Likewiſe take 
20 degr. 38 min. out of 
your Line of Chords, 
and ſet them from B 
toF., and draw F E 
parallel to A B, 
This 
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This done, take in your Compaſles the diſtance CG, and 
ſetting one foot inthe Point H, with the other deſcribe the 
Arch K, anddraw the Line C L onely to touch it. Then take 
in your ry ago the diſtance A E, and ſetting one foot of 
the Compaſles upon the Line C D, move it along the ſame 
gently, till the other, being turned about, do onely touchthe 
Line C L; and where the Compaſs-point reſteth, which you 
will finde it to doe at O, make a mark, and take the diſtance 
O Cin your Compaſles, and fet it from A to P, and draw the 
Line P Q parallel to A B. So ſhall B Q , meaſured upon 
the Line of Chords, contain 36 degr. 46 min. the Comple- 
ment of the AngleC BE; or, the diſtance C Q , meaſured 
upon the Chords, will give 53 degr. 14 min. the Angle C BE 
it ſelf; which being added to 69 degr. 22 min.the Angle A BC, 
the Sum will be 122 degr. 36 min. the quantity of the whole 
Angle A BE required. 


Gaze IX 


The Angle at A 23 degr. 30 min. the Angle at E 38 degr. 15 m. 
and the Side B A 3O degr. being given, to find the Side E A. 


The Perpendicular being let fall, and A C 27 degr. 54 min. 
a part of the Side AE; them © HHEVT 


The Analogie or Proportion is, 


As the Tangent of the Angle at E 38 degr. 15 min. is to the 
Tangent of the Angle at A 23 degr. 3o min. 
So is the Sine of A C 27 degr. 54 min. to the Sine of E C. 


Hes drawn your Quadrants, take out of your Line of 
Chords 38 degr. 15 min. the quantity of the Angle at E, 
and ſet them from Cto a. Alfo take 23 degr. 30 min.the quan- 
tity of the Angle at A,. and fet them from C'to b, drawing the 
Lines Ab and A a, and-continuing of them to T and V. _ 

| 1 2 1s 
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This done , take in your Compaſles the diſtance:C T , and 
ſetting one foot of them | in V, with the other deſcribe the 


2:08 


Arch X, and draw on 
T Line C Y onely t 


touch the Arch X. 
Then take in your 


_ Compaſſes thediſtance 


AR, and ſet it from C 
to E, and from the 
Point 'F take the leaſt 


diſtance to the Line 


CY, which. diſtance 


ſet from A to-2z, and 
draw the Line 7 


an yr_ to: A B. So 


2, being meaſured 
upon your Line of 
Chords, {hall contain 
14 degr. 57 min-a por- 
tion of the. Side AE 


which being added to 


| theother portion A C 


27 degr. 54 min. the Sum of them | 1s 42 degr. 51 min.. the 
whole $1 A E, wo was required. - 


+ \CavSt5 &; 


The Side A B30 deer. the Side B E 18 d.4 


7 #8. andthe Angle at 


B 122 d. 36 #r.contained by them, ra; [el to find the Faſe, 


| Takethe Sum and the Difference of the two Sides A B 30 d. 


and BE 18 degr. 47 min. 


d 


T.. Mn, 


Their Sum is ———48—47 


Their Ditterence is--11—13 


Firſt, 
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Irſt, draw a right Line A O C, and uponthe Centre O de- 
-[ ſeribe the Semicircle ABC, drawing the Semidiameter 
or Perpendicular. B O.. 


E- | 
"= 
"is 
Wii 4 
Flt | 
TH : 4 on 
IO 2 ee.” yr 


| Being thus prepared, take out of your Line of Chords 48 d.. 
47 min. the Sum of the two Sides given, and ſet them upon: 
the Semicircle from Ato E. Alſo take 11 degr. 30 min. the. 
Difference of the two given Sides, and ſet them from A to D.. 
Again, take 122 degr. 36 min. thequantity of the given An- 
gle, and ſet them from AtoK3 | but A B being go degr. ſet: 
the reſidue, namely, 32 degr. 26 min. from B to K, ].and 
draw the Lines D-I, E H, and K L, all of them perpendieu- 
lar tothe Line A.C.. pie Warr 1 ores 
This done, take in your Compaſles the diſtance between. 
and H, and ſetting one foot of that extent in C, with the 
other deſcribe the Arch M, and draw the Line. A N fo that 
| 2-0 It. 
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-t may®onely touch the Arch M. Then ſetting one foot of the 
Compaſſes in L, with the other take the neareſt diftance you 
.-can from Lto the Line A N, and ſet that diſtance from I ta 
G. Laſtly, upon the Point G erect the Perpendicular G F, 
cutting the Semicircle in F. So ſhall the diſtance AF, being 
meaſured upon your Line of Chords, contain -42 degr. 51 m. 
-the quantity of the Baſe of the Triangle AE, which was re- 
quired. 98 

To work this bythe Canon. 


The Analogie -or Proportion 7s, 

 T. Asthe Radiusis to the Co-ſine of the Angle-griven, 

'Sols the Tangent of one of 'the given Sides to the Tangent of 
a fourth Arch. 

_ 2. Asthe Co-fine of this fourth Arch is tothe Co-fine of the 

former given Side, $ | 

:S0 is the Co-ſine of the other-given Side, thefourth Arch be- 

Ing ſubtrafted.therefrom, to the-Co-ſine of the Side ſought. 


Cass XI. 


The three Sides AB 30 degr. BE 18 degy. 47 min. and A E 42 d. 
51 iz. being given, to finde the Angle at E. 


4 Firſt, find the Sum and the Difference of the Sides B E-and 
| | of & qa degr. _ | | 
Their Sum is—<——61—38 
Their Difference 16—24—04 


H E Sum andDifference of the two Sides being taken, 
out of your Line of Chords take 24 degr. 4 min. the 
Difterence of them, and ſet them from AtoP. Alſo from 

_ yourLine of :Chordstake 61 degr. 38 min. the Sum of the 
two Sides, and ſet them from AtoX. Again, take 30 degr. 
the 
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the quantity of the third Side A B, and ſet them from A to 


Q ; anddraw the Lines PS, QT, and X Y, all three. per-- 
pendicular to A C. | | 


This done, take the diſtance between Y and S, and ſetting- 
one foot of the Compaſles in C, with the other. deſcribe the: 
Arch Z, and draw the Line A ſo that it may onely touch 
the ArchZ. Thentake in your Compaſſes the diſtance be- 
tween Sand TI, and ſetting one foot thereof upon the Line 
A C, moveit gently along the ſame, till the other foot, being 
turned about, do onely touch the Line A #3 and where the. 
Compa(ſs-point reſteth, which you will find it to doe at the 
Point Y, upon this Point Y eret the Perpendicular Y R. $6: 
fhall the diſtance A R, being meaſured upon your Line of 
Chords, give 38 degr. 15 min. the quantity of the Angle at E, 

which was required tobe found. 


to 
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To work this by the Canon. 


The Analogie or Proportion is, 
As the Re@angle contained under the Sines of the Sides is to 
the Square of the Radius, 
$0 is the ReCtangle contained under the Sines of the half Sum 
| _ of the three Sides, and the Difference between this half Sum 
and the Baſe, tothe Square of the Ca-ſine of halt the An- 
gle required. 


Casr XL 


The three Angles 423 degr. 30 min. B 122 degr. 36 min. and 
the Angk E 38 degr. 15 min. being given, to finde any of the 
Sides. 


TF for either of the Angles next the Side required we take 
its Complement to 180 degr. thoſe Angles will be turned 

into Sides, and the Sides into Angles : And then will the man- 

ner of reſolving the Triangle be the ſame as in the laſt Caſe. 


Poſiſcript, 


(65) 
P oftſcripe. 


Y the Preeepts before inthis Treatiſe delivered you have the 
whole Doctrine both of plain Right-lined Triangles , aud 

alſo of Sphericall both Right and Oblique-angled, wrought by 
a way not uſually prafiſed, which if it be carefully performed, 
J0u may by a Line of Chords of 3 or 4 inches Radius come 
within a few minutes of Calculation 3 which will be of ſuffici- 
ent uſe for any PradGice either in Aſltronomicall, Geographicall 
or Nauticall Queſtions, wrought thereby. And if in the wor- 
king of any of the Caſes there be any difficulty , it 3s in the 
moving of the Compaſſes along one Line,while the other foot, 
being turned about,doth only touch anotherLine. But this 3s not 
a real, but a ſeeming, difficulty 3 for in 3 or 4 times trial you will 
firde it very expeditions and eaſie : and although it be not ſo 
Geometricall as the way by drawing of Parallels, yet it is alto- 
gether as exaf; more ready and ſpeedy in performance , and 
avoids the drawing of multiplicity of Lines, which would mmch 
cumber the Diagrams to no purpoſe. If the Schemes that are 
here drawn ſeem to be cumbred with multiplicity of Lines, the 
reaſon is, becauſe many of them ſerve for 3, 4, or 5 Cales3 
but if a particular Diagram had been drawn for every Cale , 
then none of them would have confiſied of above 5 Lines beſtdes 
the Quadrant, as you will ſee by trying of any Caſe. And here 
zote, that every one of theſe Caſes, both in Right-lined aud 
Sphericall Triangles, 7s applicable to ſome one thing or other int 
the PraFice of the Mathematicks. As, by plain Right-lined Tri- 
angles all Prepoſitions are reſolved that concern the taking of 
Heights, Depths and Diſtances, Meaſuring of Land, Sailing by 
the plain Sea-Chart, and alſo by Mercator's , and divers other 
particulars. The Solntion of Sphericall Triangles reſolves Due- 
ſtions in Aſtronomy, Geography, Dialling, Sailing by the Arch 
_ of agreat Circle, with many other ns too tedious here 
ho gr bs 
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to be recited; of ſome of which (eſpecially thoſe that concern the 
tahine of Diſtances in Aſtronomy, Geography, Navigation, 
&-c.) TI ſhall in the following Treatiſes exemplifie their Uſe. 
And becauſe the DoGtrine of Sphericell Triangles is more 
difficult then that of Plain Triangles, I will in this next Treatiſe. 
following ſhew you how ( by your Line of Chords onely ) you 
may draw or project the Globe or Sphere »por: a Plain; by 
. which means you may ſee before you how the Sphericall Triangles 
lie iz the Sphere it ſelf; which will be a great help to the un-- * 
derſtanding of the nature of a Sphericall Triangle. The.Sphere 
being thus projeFed upon a Plain, -F will ſlew how (upon 
that Plain ) tomeaſure both the Sides and Angles of a Spheri- 
call Triangle, ad, in ſo doing, reſolve ſome Queſtions in Aſtro- 
nomy ; by which you may diſcern, in that particular, how ſub- 
ſervient 1 rigonometry 3s to Aſtronomy, and, as the Proverb js, 
judge of Hercules by his Foot : for to inſtance inthe Variety of 


things that the Do@rine of Triangles #s aſſiſtent to, were an end-- 
leſs Work, 


Gp) 
ALKSLSLESSLESLESSSSLNSHE SHAS99E 
To projef the 


SPHERE 
Upon the Plain of the Sie 
F EE & 1 B £ #4 8 
B Y 
A LINE OF CHORDS. 


Whereby the Sides and Angles of Sphericall Triangles 
are naturally laid down in Plano, as they are in the 
Sphere it ſelf ; By which the nature of them is dif. 

_ covered, and their Sides and Angles meaſured with 


ſpeed and exacineſs. 


The Fourth ExeRrciss, 


<< . 


af Eing to treat of the Projeion of the Sphere in 
W Plano, 7 ſuppoſe the Reader to be acquainted with 
the Doctrine of the Sphere or Globe, and with 
the Circles thereof 3 the nature of them , how 
they are there ſituate ove from another in reſpe(F 
of diſtance,and to what uſe each of them is appro- 


priate. But if there be any that hath a deſire to make uſe of this 
| K 2 Treatiſe, 
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Treatiſe, and is ignorant of the Sphericks, let them reade the 
Books 'of ſuch as have written of the. Sphere or Globe. 1 Latin 
there are divers, 4s I heodocius, Orontius, Clarius , &c. In 
Engliſh there 3s Record's Caſtle of. Knowledge, Hill's School of 
Skill, Blundevil's- Exerciſes , Hews of the Globes, Newton, 
Moxon, @*c. But thatthis Treatiſe may not be accounted de- 
ficient in that which is ſo. abſolutely neceſſary for the underſtan- 
ding and pratice of what is herein contained; IT will in this 
place give you a brief and plain Deſcription of: the Names, Pro- 
perties, Diſtances, &*c. of ſuch Circles of the Sphere as ir 
this Book we ſhall have occaſion to projet for the delineating of 
Sphericall Triangles in Plano, and that-in a correſpondent - Po- 
ſition to their ſttuation on the Globe or Sphere 3t ſelf. 

The Circles therefore chiefly made uſe of in this ProjeCtion 
are theſe « © 

1. The Meridian. J 

2. The Horizon | 

3. The XquinoQtial || 9. The two Iropicks 

4. The Ecliptick 7 9.. Parallels. or Circles of 
5. The Prime Verticall, or | Declination 
_ Circle of Eaſt and Weſt| | To. Circles or Parallels of 
6. The Hour-Circles Jt Altitude. 


| 7 « Azimuths , or-Verticall: 
| Circles 
j 


Of theſe Circles all but the three laſt are great Circles of the - 
Sphere, which divide it into two equal parts; and the two Tro- 
_ picks, the Circles of Altitude ad Declination , are ſmaller 

Circles, and divide the Sphere into two parts unequally. 
Befides theſe great and {mall Circles, there are ſeverall Points 
of note upon the Globe : 4s-( 1. ) The:Lenith, which 3s the Point 
inthe Heavens diretly over our heads, in what part of the Earth 
. ſoever we be; (2.). The Nadir, which is the Point dire&ly un- 
der our: feet 3-( 3.) The Poles of the World, about which the 
Heawens are moved; ( 4.) The Poles of the Eclipticks (5.) The 
Poſes of all other Circles. = 


I Of 


__ : 
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L. Of the MERIDIAN, 


FIDHE Aeridiaz tsa great Circle of the Sphere, which paſ-- 
' {ſeth throngh both the Poles of the World, and allo: 
through the Zenith and Nadir Points, and crofleth the Horizom 
in the North and Soxth Points thereof. Unto this Circle (any 
Pay in the year) when the Sun cometh it is Noon or Mid-day 5 
and when the Moon, Stars or Planets, in the Night come to 
touch this Circle, they are then {aid to be upon the Meridian, 
or at the higheſt they will be that Night; This Cirele in the. 
Scheme of this Projection 1s noted by the Letters ZHN O.. 


I. of te HORIZON: 


"HE Horizon allo 1s a great Circle of : the Sphere, and it: 
- | is that Circle. which divideth the viſible part of the: 
Heavens which we ſee from the not viſible, that is, it divideth 
the Sphere into two Hemiſpheres, the lower and the higher.. 
'To this Circle when either the Sun,, Moon, Stars or Planets, 
come on the Eaſt part, they are then ſaid to:riſe; and when. 
they have paſled from the Eaſterly Point, by the Aeridiar, and: 
deſcended to the Weſtern part of this Circle, they are then ſaid 
to ſet. This Circle 1srepreſented in the-Projection' by. the. 
rghtLtine HAO.. SORIA DH SO} 5 2 


II. of th @QUINOCTIAL. 


HE ZquinoGial is a great Circle, and in the Sphere it - 
1s elevated above the Horizoz (upon the Meridian Cir- 
gle.) ſo much as 1s the Complement of the Latitude of'the 
Place. Asat London, Where the Latitude is 51 degr. 30 min. 
A 2 there 


= hy 
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there the ZquinoGal is elevated 38 degr. 30 min. (which is 
ſo much as 51 degr. 3o min. wants of 90 degr. ) andit cutterh 
;the Horizon in the Points of Eaſt and Weſt, Unto this Circle 
when the Sun cometh ( which is twice every year , namely , 
about the 10. of arch and the 12. of September ) it cauſeth 
the Daies and Nights to be of equat length all the World over. 
This Circle is noted in the Scheme with A Ae, and cuts the 
Horizon inthe Point A, which repreſents both the Eaſt and 
Veſt Points thereof. 


IV. Of the ECLIPTICK. 


HIS alſo is a great Circle of the Sphere, and ( in the 
Northern Hemiſphere , where the North Pole is viſible 
above the Horizor., and the South Pole not vilible ) is elevated 
above the #quinoG:al Circle fo much as 1s the Sun's greateſt 
Declination, which is 23 degr. and about 3o min. and is-as 
much depreſſed below the ZquiroG3al in the Southern Hemi- 
ſphere. This Circle is called by ſome The Way of the Sun, for 
that the Sun in his motion never ſ{werveth or goeth out there- 
of, and ſo his Longitude or Place is counted inthis Line. It 
cutteth the Horzzo7 in the Eaf and Veſt Point A, as the Z#qui- 
nodal did. It is repreſented in the Schewe by the Line g av; 
and hathcharaCtered upon it the 12 Signs of the Zodiack ; the 
fox Northern Signs, \ SS and ny being on that half which 
1s above the Horizon, and the ſix Southern Signs > m 2 w wy 
and x, on the other half, which is below the Horizon. 


'V.Of the PRIME VERTICALL. 
W E Price Verticall, or Circle of Eaſt and Weſt, (general- 


| ly called the #quinoGialColure, and then (as the Sphere 
1s here projeced ) the Meridian repreſenteth the _— 
Cormre 
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Eolire ) 18a great Circle paſling through the Zexith and Ne- 
dir Points; and alſo throughthe Eaſt and eſt Points of the 
Horizon, Unto this Circle when the Sun , Moon, Stars or 
Planets, do (in their Motions) arrive,. they are then due Eft. 
or Weſt. Tt1sin the ProjeCtion ſignified by the right Line 
L AN, paſling through Z, the Zenith, N, the Nadir, and A,. 
the Eaſt and Weſt Point of the Horizon: and alſo cutteth the - 
Aquinodial inthe Points y and <>. 


VI. Of the HOURGCIRCLES. 


"HE Pour-Circles are great Circles of the Sphere; mee- 
ting together in the Poles of the World, and crofling- 

the ZquinoGtal at right Angles, dividing it at every 15 de-- 
grees 3 and then every of thaſe Divilions is- one Hour of: 
time : but 1f they paſs through other parts of:the £quis 
xoGial, dividing 1t unequally, then do thoſe Hoxr-Circles re-- 
preſent unequal Spaces of time, according to the diſtance they. 
are from the Zfridian, or.one from another. Of theſe Cir-- 
cles in the. Scheme of the ProjeGion there are four, thus no-- 
ted PBS, PAS, PCS, and PDS. 


VIL Of the AZIMUTH CIRCLES. 


HE Azimmth or Vertical Circles are great Circles of the \ 
Sphere, meeting together in the Zexithand Nadzr Points, 


as the Horr-Cirches do in the Poles of the World, and divide - 
the Horizoz at right Angles, either equally,or unequally, as the 
Hour-Circles did the Zquino#ial. In the Scheme of the Pro-- 
je&tion there are four of theſe Yerticall Circles , thus noted, 
LON, ZFN, ZAN, andZGN. 


 VI.. Of. 
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WJ—_ 


VIII. Of the TROPICKS. 


H E Tropicks are leſſer Circles' of the Sphere, dividing 

it unequally, and are drawn parallel to the A#quino- 
G1al, at 23 degr. 3o min. diſtance therefrom , equal to the 
Sun's greateſt Declination on either fide. T hat Tropick, which 
1s of the Nerth-ſide is called The Tropich of Cancer, to which 
when the Sun cometh ( which is but once in a year, about the 
IO, of Jane) it maketh the longeſt: Daies toall the Northern In- 
habitants of the World, and the ſhorteſt Nights, The other 
Tropich,, Which 1s on the South-ſide of the AquinoGial, 1s cal- 
led The Tropick of Capricorn, to which when the Sun cometh, 
which is about the 11, of December, it maketh the ſhorteſt Daies 
and the longeſi Nights to all Northern Inhabitants, and the con- 
trary toall the Southern Inhabitants of the World. In the 
ProjeQion the Tropich of Cancer is fignfied by s I S, and the 
Tropick, of Capricorn by vw K wv. 


IX. Of the CIRCLES or PARALLELS 
of DECLINATION. 


"\HESE alfo are ſmaller Circles of the Sphere, and are 

drawn parallel to the Zquino@ial, towards both the 
Tropicks, and up to them. Thoſe that are on the North-ſide of 
the ZquinoGial are called Parallels of North Declination, and 
thoſe that are on the Sexth-ſide of the Zquinodial are called 
Parallels of South Declination. Of theſe Parallels there are in 
the Scheme of the Projection two, one towards the Tropick of 
Cancer, the other towards the Tropich, of Capricorn, and either 
of them 20 degrees diſtant from the Zquino&ial, The Nor- 
thern Parallel of Declination is noted with x ©, and the 
Southern With -s E 2. | | 

X, of 
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X. Of the CIRCLES or PARALLELS 
of ALTITUDE. 


HE Circles of Altitnde are likewiſe ſmall Circles of the 

Sphere, and are drawn parallel to the Horizon, as the 
Circles of Declination were to the ZquinoGial. Theſe Paral- 
lels are drawn from the Horizon towards the Zenith Point, and 
upon occaſion,in many Caſes,quite up unto it. By theſePara/els 
are meaſured the Altitude or Height of the Sun, Moon and 


Stars. Inthe Scheme there is onely one of them , and that is 
expreſſed by the Letters ME L. 


Thus have I given you a-brief aud plain Deſcription of the 
Circles,both great and ſmall,which we ſhall have occaſion to uſe int 
this following T reatiſe. And here note, that every Circle of the 
Sphere ( both great and ſmall ) hath his proper Poles, which 
Poles ( of all the great Circles) are 90 Deerees, or a Quadrant 
of a Circle, diſtant from the Circle it ſelf. The Poles of the 
Circles 7x this Frojection are 4s followeth. 

Z and N H A O, the Horizon. 

P and S/ , h A A 2, the AquinoCtial. 

O and H Dol : c Z A N, the Prime Verticall. 

Q and R\* © Of Jthe Ecliptick. 

A and « PAS, the Axis of the World. 

The Poles of theſe frve Circles are all in the Meridian, and 
ſo there needeth no farther Precept for the finding of them 5 and 
the Pole of the Meridian zs the Centre thereof. 

But for the three Azimuth Circles, they fall in ſeveral Points 
of the Horizon 3 and the three Hour-Circles iy certain Points in 
the AquinoCtial. How to finde which Points fhall be fhewed af- 
terwards in due place. | TH : : 


L | A. 
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#the Meridian ,, Z HNO. 
ZFN. 


the Azimuth Circl eZ © N. 
ZGN. 


| PBS. 
the Hour-Cixcle yPDS. 
SE. oo. 3 


The Poles of the World Þ-ard 8 are alſo the Poles of the Tro- 
Picks ard of allthe-Parallels of Declination. And 
The Lenith aud Nadir, Z aud N, are the Poles of all the Par- 
allels of Altitude.. | 


_ Having ſufficiently. acquainted the Reader with the ſeveral 
Circles, Lines, Points and Poles, belonging to every Circle, I 
wll now proceed to my intended purpoſe 5 namely, to projet ( or 
lay down in Plano ) all theſe Circles, Lines, Points. axa Poles, 
in their. true Poſitions. 


LO © ET 
- '” - 


—— 
A 6” 


How toproje& the Sphere upon the Plain of the 
= Meridian. 


rſt, take 60 degr. of your Line of Chords, and with that 
diſtance upon the Point A (as a rang, deſcribe the 
, ( 


Circle ZH NO, repreſenting the Aerzdiar, ( within which. 
Circle all the reſt are tobe projected ) and croſs it with the 
waa A O the Horizon, and Z AN the Prime Ver- 
ticall, 

Secondly, (becauſe the Latitude of the place for which you 
draw.your Proje&ion, viz. Loxdon, is 51 degr. 30 min..) take 
ZI degr.. 30 min. from your Line of Chords, and ſet them 


upon the Aferidian from-Z to, and from N to &, and draw 
| the 
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the Line ZZ A e for the ZqxinoGjal. Allo ſet 51 degr. 30m. 
from O to P, and fromH toS, and draw the LineP A'S, re- 
7 Shs the Axis of ths Forld and the Honr-Circle of 6 a 
clock. | | 

Thirdly, take 23 degr. 30 min. the quantity of the $nr:'s 
greateſt Declination, and alſo of the diſtance of the two Tro- 
picks trom the ZgquineFial, and ſet them upon the Meridian 
from & to $, above the #quinoF#ial; and alſo from & to vw, 
below the #qnine@ial. Inlike manner ſet the ſame diſtance 
of 23 degr. 30 min. from & to & above the #quino@ial, and 
from £to v» below It. This done, lay a Ruler upon the Points 
A and S, and it will cut the Axis of the World PAS in the 
Point. So a Circle drawn which ſhall paſs through theſe 
three Points, S I S, ſhall be the Tropick of Cancer. Again, 
lay a Ruler to M and w, and it will cut the Axis in the Point 
K. So a Circle drayn through w K w ſhall be the Tropich 
7 OR. But to ſhew how you may find the Centres upon 

ic 


re theſe Tropical Circles are to be deſcribed, I muſt make 
this 


Diverſzon. 


Upon a long piece of ſtiff Paper, or rather fine Paſtboard, with 
60 Degrees of your Line of Choras deſcribe a Quadrant, as 
ABC, andupon the Point CeredF the Perpendicular C D; in doing 
whereof you muſt be very carefull, for a ſmall errour committed it 
that will produce a great one in finding of the true Centres. —Be- 
ing thus prepared, you may readily find the Centres of the two 
Tropicks, ard sf any other Parallek of Declination or Altitude. 
But (1.) for the Tropicks: Being the Tropicks are diſtant from 
the Aquinottial 23 degr. 30 min. on either ſide, take 23 degr. 
3O min. out of your Line of Chords, and ſet them upon the Qua- 
drant from B to f, and through the Point f draw the Line A f g, 
entting the Perpendicular C D in the Point & This done, take 

2 in 


| 
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1 


Ty 


in your Compaſſes the di- 
ftanceC g, and ſetting one 
foot in the Point T in your 
Proje@ton, where the other 
Point falleth upon the Line 
TP, it betng ſufficiently ex- 
tended, will be the Centre 
of the Tropick of Cancer ;, 


J and a Circle deſcribed with 


this diſtance of the Compaſ- 
ſes, C g, will paſs exa#ly 
is through the Points $ I S, 

and ſo deſcribe your Tro- 
pick of Cancer. The lhe 
you muſt doe for the Tro- 
pick of Capricorn, by taking 


Jo the diſtance C g in your 


Compaſſes, and ſetting one 
foot in the Point K of your 
Projetion , and where the 
other reacheth upon the Line 
K 8, being extended, there 
zs the Centre of the Tropick 
of Capricorn. But (2.) to 
 finde the Centres of any of 
the other Parallels of Decli- 
nation, 4s of the two in the 
Projedion, namely, it a$ 
and. ty © 7, either of which 
are 20 d. diſtant from the .- 
quinocCtial the Centres of 
them are alſo found in the 
ſame manner 4s the Centres 
of the Tropicks were. For 
fake 20 deer. out of your 

Line 
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Line of Chords, and ſet them upon the Quadrant from B to e, 
drawing the Line 4 eh, the diſtance Ch ſhall be the Semidia- 
meter Go the Parallel of 20 degr. of Declination 3 which, being 
ſet upon your Projection from a, upon the Line a Þ, (* being cx- 
tended ) will there give you the Centre of the Parallel : 3 and the 
Compaſſes at the dilence of Ch, being there ſet , will de ſcribe 
the Parallel of 20 deer. of Declination x « A. And in the 
ſame manner that the Conire of this Parallel was fourd, ſo may 
J0u find the Centre of that on the other ſide of the XquinoGtial, 
22 £ 7» But (3. ) you have in your ProjeCtion 4 Parallcl or 
Circle of Altitude, namely, IE L, which is 12 degr. from or 


above the Horizon, the Centre whereof 5 is found in the ſame man- 


wer as were the Parallels of Declination. For if you ſet 12 deer. 
of your Chord upon the Quadrant A BC, they will reach to k - 
draw a Line therefore from A throug þ h. " zt till it 
meet with the Line C D being alſo tended; 3 ſo ſhall the diſtance 
between this Point, where the two Lines meet, and the Point TC; Le 
the Semidiameter of the Parallel of Altitude of 12 deer. IWWhere- 
fore that diſtance ſet from the Point m of your ProjeCtion, uj- 
on the Line 1m Z, being extended, will be the Centre of the Par- 
allel, and the Compaſſes, at that diſtance, will deſcribe the Par- 
allel of Altitude 24 2 L. 
But for thoſe Parallels of Altitude which fall near the Hori- 
Zzon , theſe Circles or Parallels of Declination which fall near 
to the Xquinoctial , thoſe Hour-Curcles which fall near to ihe 
Axis of the World or Hour of Six , and thoſe Azimuth Circles 
/ which are near tothe Priame Verticall or Azimuth of Eaft ard 


/ Weſt; thoſe that make Mathematicall Inſtruments have an 1n- 


flrument called a Bow, which, by the help of one or more S$cre wk, 
( according to the length of the Bow ) may be extended to touch 


any three Points which lie. near in a ſlraight Line; by the edge of 


which Bow you may draw your Hour-Circles, Azimuths, Par- 
allels of Declination azd Altitude, as eaſily as you may draw F. 
11 oht Line by the eage of a Ruler, ——-But to return again to 
our Projection. 


#2L. 23 __Fourthly, 
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Fourthly, draw a right Line s A v» between the two Tro- 
picks, touching the Tropzch of Cancer above the Horizon at 
. S, andthe Tropichof Capricorn below the Horizop at the Point 
»y,—This Circle hath upen it the CharaGters of the 12 Signs of 
the Zodiac,which are to be put on in this manner. —Take 23 d. 
30 min. out of your Line of Chords, and ſet them from P to 
Q, andfrom Sto R : which Points, Q andR, are the two 
Poles of the Ecliptick. Then take 60 degr. from your Line of 
Chords, and ſet them from Q to 1, and from Q'to 3. ' Alſo 
ſet the ſame diſtance from & to 2, and from vw to 4. — This 
done, lay a Rulerto the Pole R and the figure 1, it will cut 
the Ecliptick, in the Point x and q : theRuler laid to R and 2 
will cutit in the Point Sand np3and laid toR and 4.in m and; 
and laid toR and 3, In 7 and xy. So have you the true Points 
for the Sun's entrance into every Sign. And if you would have 
every tenth degree of each Sign, divide every of the Spaces 
& 1, 12,2Q,, Q 4, 4 3, and3 »y, intothree equal parts; 
ſo will each part contain Iod. and a Ruler laid to each of them 
and the Point R ſhall give you the Points upon the Ecliptich 
anſwering to the 10. degr. of.every Sign. And in the ſame 
manner may you (it your Projection be large) put on every 
Degree. 

Fiſthly, for the putting on of the Hoxr-Cirrles; confider 
how far the Circle you are to put on is diſtant from the Ater:- 
dian, and ſet ſo many degrees upon the Meridian from the 
AquinoTial: a Rulerlaid from Z to thoſe degrees will croſs 
the Zgninod7al, and through that Point in the Z#quineGial 
where the Ruler ſo crofſeth, the Hoxr-Circle will pats. —Ex- 
ample: The Hour-Circle P B S,in this Projettion, is diſtant from 
the Meridian 62 d.46 m.wherefore take 62 d.46 m. from your 
Chords, and ſet them from £ tob3 then laying a Ruler from Z 
to b, 1t will cut the Z#4quiro#ial in B, through which Point the 
Hour-Circle of 62 d.46 m.muſt paſs. —To find theCentre of this 
Hour-Circle,Cand ſo of any other) repair to the former Scheme 
for finding of the Centres of the Parallels of Altitude and De- 


clination3 
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clinations and (becauſe this Hour-Circle is diſtant from the Me- 
ridian 62 degr. 46 min. ) take 62 degr. 46 min.from your Line 
of Chords, and ſet them upon the Quadrant A B C, from C 
tol, and draw the Line A / 2. So ſhall the Line A / be the 
Semidiameter of the Hoxr-Circle PBS 3 which being taken in 
your Compaſles, and ſet upon your Projection from B, upon 
the Line B ZE, (being extended, ) ſhall there give you the Cen- . 
tre of that Hoxr-Circle. And in the ſame manner may the 
Centres of all the reſt be found. 

Sixthly, the Azimuth Circles are to be drawn upon the Pro- 
jection, and the Centres of them found tn all reſpects as the 
Hour-Circles were. So the 4zimnth Circle L © N, being 
56 degr. 40 min. from the Aeridzan, take 56 degr. 41 min. out 

_ of your Line of Chords, and ſet them:upon the Aeridian of 

your Projedtion from O to 4; then laying a Ruler unto Z and 
d, it will cut the Horizoz 1n the Point ©, through which the 
Azimuth of 56 degr. 41 min. Z © N, muſt paſs. —— Then, to 
find its Centre, repair to the former Scheme for finding of 
Centres, and upon the Quadrant A B C ſet 56 degr. 41 min. of 
your Chords, from C tos, and draw the Line As: fo ſhall 
the Line A # 6 be the Semidiameter of the 4ziuth Circle 
Z © N 3 which being taken in your Compaſles, and ſet upon. 

your ProjeGtion from ©,upon the Line © H,(being extended,) 
{hall there give you the Centre of the Azimmth Circle Z © N.. 
Andin this manner may the Centre of any other Az:math Circle 
be found. 

And here note (1. ) That the Centres of all Azimuth Circles 
fall in the Horizon H A O, being extended where need is. The 
Centres of all the Hour-Circles fall in the Aquinottial Line 
& A &, being extended. The Centres of the T ropicks and Par- 
allels of Declination fall iz the Axis of the World PAS, ex- 
tended. And the Centres of the Circles of Altitude fall in the 
Prime Verticall Circle Z A N. 


Note (lI.) That if the middle Point of any Hour-Circle do. 
zot fall juſt in the #.quinoGtal , or any Azimuth Circle juſt iz: 


the 
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ile Horizon, but on either ſide of them then you may find the 
Centres by the Geometricall Propoſitions at the beginning of this 
Book3 though there be other waies to find the Centres upon the 
Projection zt ſelf, which I omit, for that T would not cumber 
the Scheme with unneceſſary Lines. 
Seventhly, Every Circle in the Projection hath its proper 


'* Pole, as was before intimated. Now for the finding of them, 


you are to note, that the Pole of every great Circle 1s go degr. 
or a 2radrant of a Circle, diſtant from the Circle it ſelf, upon 
that Line which cutteth the Circle at right Angles. Thus the 
Poles of all the Hour-Circles ave upon the Z#4quir0@7al, and the 
Poles of all the Azi-mths upon the Horizon. Now if you 
would find the Pole of the Hoxr-Circle P DS, lay a Ruler up- 
on P and D, and it will cut the Meridzar: Circle in e : then cake 
 $odegr. of your Line of Chords, and ſet them from e to Ff, 
a Ruler laid from P to f will cut the Z#quinoGal in : fois 
Y-the Pole of the Howr-Circle P DS. 

Laſtly, The finding of the Poles of the Azimmth Circles is 
the ſame with the Hoxr-Circles. So if you would find the Pole 
of the Azimmth Circle Z GN, lay a Ruler upon Z andG, it 
will cut the Meridian Circle in g 5 then ſet go degr. of your 
Chord from & to d, ſoa Ruler laid from Z tod w1ll cut the 
Horizox H A O in the Point ©, which Point © is the Pole of 
the Azimuth Circle LG N. And thus have you found the Pole; 
of one of the Hour and one of the Azimmth Circles. And 
by the ſame manner of Work you may find the Poles of all the 
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PBS 
: ZLGN © 
; | Z A N(Cwill be JHor © 
Azimuth Circle y F Ne ey! 
The 


Of ProjeFion. 3x 
Horizon j/HAO L yr X, the Zenith 
SY. and Nadir. 
The toes 4 EquinoRtial/E A e>arc4P and 8, the Polesof 
or the - the World. 
-Ecliptick Ss Aw Q andR. 
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Thus have I given you at large a plain and eaſfie method how 
to project the Sphere xpor the Plain of the Meridian Circle , by 
help of the Line of Chords onely : Open which Projettion, by 
the interſeFion or croſſmg of the ſeverall Circles thereof, are 
conſtituted divers Sphericall Triangles; fſowe RKight-angled , 
and others Oblique-angled. By the reſolving of which Triangles 
variety of Queſtions appertaining to Altronomie, Geographie 
aud Navigation, #zay (with ſpeed and exatneſs be reſolved. 
But before T come to ſhewthe manner of working particular Que- 
ſtions of any kind, it will be expedient that T ſhew you, (1.) how 
to meaſure or find the quantity of the Sides and Angles of 
Sphericall Triangle, as they are here projeFed; and (2.) how 
to project or lay down an Angle or Side of any quantity that 
ſhall be required. | 7 


1 
[4 
1 
i | 


I. A Sphericall Triangle being projefed, how 
zo find the quantity of any Angle thereof. 


AY a Ruler to the angular Point, and the extremity of 
'B the Sides containing the Angle, they being continued 
to Quadrants 3 and note where the Ruler cuts the A/eri- 
dian or outward Circles at both which places make marks up- 
on the Meridian : the diſtance between thole two marks, being = 
meaſured upon your Line-of Chords, ſhall give you the quan- 
tity of the Angle required. $5 


M Example 
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$2 
Example 1. 


N the Triangle P © Q, in the ProjeQtion, let it be requi- 

red to find the quantity of the- Angle © P O.. Firſt, 
lay a Ruler upon the angular Point P, and to the extreme ends 
of the Sides P © and PO, they beingextended to Quadrants, 
which 1s, to that Circle which meaſures that Angle : ( as the 
ZquinoTial meaſures all the Angles at P, the Pole of the World; 
the Horizozall the Angles at Z, the Zenith, &c.) So the Ru- 
lerlaid. from P to.e, will cut the Meridian inz 3 and being 
laid from P to. B, it will cut the Meridian in the Point b. The 
diſtance b. e, being taken in your Compaſſes and meaſured 
upon your Line of Chords, will be os to contain. 62 degr. 
46 min, whichis.the quantity of the Angle @ Þ O. But. 
If yponthePoint P you were to. project an. Angleto contain 
62 degr. 46 min. then take 9o-degr.. of your Chords, and ſet 
them from P to &, and through the Centre A draw the Line 
A A 43.then take 62 degr. 46 m..out of your Line of Chords, 
and ſet them from £to-b.3 and laying a Ruler from P to 6, it 
will cat A A £ inthe Point B : the Circle P BS being drawn, 
the Angle at P will contain 62 degr.. 46min. 


Example IL 


* ET it be required to. find the quantity of the Angle 
,LEP.- Lay a.Ruler to. ©, the Pole of the Circle 
U EN, and the Point E, it will cut the 2eridian Circle in M 3 
from Met go degr. to 23 a Ruler laid from © to « will cut 
the Circle ZEN ('it being extended beyond the Zenith Z ) 
at the Point d. 
Again, Lay a Ruler upon Y, the Pole of the Circle PE 5, 


and jt will cut the 2eridian Circle inv; ſet go degr. from » 
» to- 


33 
to.x upon the Aeridzan 3 a Ruler laid from Y to x will cutthe 
Circle PES un y. | 

This done, lay a Ruler fromEto#®, and it will cut the 4/e- 
ridian in95 alſo lay the Ruler from E to y, it will cut the A/e- 
ridian ina: the diſtance 9a, ring taken 1a your Compalles 
and applied to your Line of Chords, will-be tound to contain 
21 degr. 45 min, And ſuch is the quantity of the AngleZ EP. 


Theſe two ſorts of Angles are the moſt troubleſome to find 
their quantities, and therefore IT have inſtanced in them. There 
are other Angles in the Projection which render their meaſures” 
to the eye, without farther Inſtru@Fions for finding their quan- 


tztzes. ; 
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II. A Sphericall Triangle being projefte 4.10 
find the quantity of any Side thereof. ' 


Ruler laid upon the Pole of the Circle which ts to be 
A meaſured, and to the extreme ends of the Side of the 
Triangle; note where the Ruler, ſo laid, cuts the 14e- 
ridian at both ends of the Side : that diſtance , taken in your 
Compaſlles and meaſured upon the Line of Chords, will give 
you the quantity of the Side of the Triangle. | ; 


Example I. 


F ET it be required to find the Side E Z of the Triangle 
, TE P.--— —LayaRuler to © (the Pole of the Circle 


LEN) and the angular Point E, it will cut the AMeridzar in 
M3 andaRulerlaid to Z will cut the Aferidiar in Z. So the 
diſtance M Z, taken in the Compaſles and meaſured upon the 
Line of Chords, will be found to contain 78 degr. And ſuch 1s 
the quantity of the Side ZE. 


M 2 Example 
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T E T'itbe required to find the Side: © B of the Sphericall 

_, Triangle A ©B.—Eay a Ruler upon X , the Pole of 
the Circle P BS, and the Point B, it will cut the Meridian Cir- 
cle in e.—Alfolay a Ruler from X to ©, it will cut the Meri- 
dian in the Point q. The diſtance between # and 1, being 
taken and meaſured on the Line of Chords, will contatn 20:d. 
And ſuch is the quantity of the Side © B. 


Tconld inſtance in divers other Examples concerning the Mea- 
ſuring of the Sides and Angles of T riangles pox the Projection 3 
but I here omit them, becauſe in the reſolving of the following 
Propoſitions they will come in prattice, and the pap of the 
performance is there plainly expreſſed : onely I deemed it comve- 
nmient here to give ſome taſte thereof, as a Preparative to that 
which followeth.———But before I come to ſhew the Manner 
of reſolving of particular Queſtzons in Altronomie , Geogra- 
phy, &*c. I will declare the Variety of Sphericall Problems that 
will ay ariſe ont of every Sphericall Triangle, being pro- 
FRET, 3 | 
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Trex Variety Or 
S FHERICALE 


PROBLEMS 


Naturally ariſing out of every Sphericall Triangle,both 
Right and. Oblique-angled , and that are relolvable 

» thereby, deſcribe as they are- perſpicuous to the: 
Eye in the Projedtion, 


The Fifth EXFRCISE, 


Deg IN the foregoing Part of this Book you: have 
& FJ the Dottrine of Plain aud Sphericall Tri- 
” angles Geometrically performed. And in 
a5, the Solution of Right-angled Sphericall 
E2L<<= I riangles there were 16 Caſes-3: and in Ob- 
EY lique-angled there were 12 Caſes : but the 
"Cx 16 Caſes of Right-angled Triangles will 
by this projective way be reduced to 5 Ca- 
ſes, aud the 12 of Oblique-angled will be reducedto 6 3 ſo that 
in both there will be but 11 Caſes, whereas before there were 28... 
That this may appear plain tothe Reader, I will make uſe of two 
M. 3 Triangles: 


86 _ The/Varietyof Caſes 
Triangles ix the Projection; one whereof ſhall be Right-angled, 
45 the Triangle P O ©, Right-angled at O; and the other ſhall 
be the Oblique-angled Triangle ZE P.——The Right-angled 
Triangle # conſtituted by the Interſedion of three great Circles 
of the Sphere; namely, of P O, an Arch of the Meridian, © 0, 
an Arch of the Horizon, and P ©, the Arch of an Hour-Circle. 
—The Oblique-angled T riangle,Z E P,zs conſtituted alſo of three 
Arches of great Circles of the Sphere, ( as all Sphericall Trian- 
ples whatſoever are; ) namely, of Z P, an Arch of the Meri- 
dian, P E, an Archof- an Hour-Curcle, and ZE, aw Arch'of an 
Azimuth Circle. _ 


Iz the Right-angled Sphericall Triangle, P © 0, 
CP O 3s theLatitude of the Place. 
The Side Jo O 7s the Sun's Amplitude from the North, 
P.© 7s the Sun's diltance from the Pole, or the 
Complement of his Declination. | 
©P O # the Hour from Midnight , or from #he 
North part of the Meridian. be 
The Angle/p ©0 #s the Angle of the Sun's Poſition at the time 
of the Dueſtion. 


VP O © Xs the Right Angle. 


The Parts of the Triangle being declared, and of what Cir- 
cles of the Sphere the Sides do confiſtz T will xow come to the 
Caſes, which ( as T ſaid before ) are 5, in every Right-angled 
Triangle. $0 that any two parts of the Triangle ( beſtdes the 
Right Angle ) being given, I will ſhew in every of the 5 Caſes 


what parts may be found. 


77: 


in Spherical Triangles. 87 


I. In a Rzght-angled Spherical Triangle. 
CASE 1. 


The Baſe and Perpendicular being given, to finde the other parts 
of the Triangle. ; 


N the Triangle P © © here is given P O, the Latitude, 
. and'© O, the Amplitude from the Nerth part of the Aferi- 
dian 3 by which you may find 

f P ©, the Complement of the Sun's Declination. 


2. © PO, the Hour from Midnight. 
3. P©O, the Angle of the Suw's Poſition. 


-_ 


G«SEr'-M 


The Hypotenuſe and Perpendicular. being given, to find the other 
paris. 


N the Triangle P © O hereis given P O,the Latitude. and: 
P ©, the Complement of the Sun's Declination.3 by which. 
may be found 
I. ©O, the Amplitude from the North. 
2. OP ©, the Hour from Midnight. 
3. POO, the Angle of the Sur's Poſition. - 
4 + Andifin ſteadof the Perpendicular there had'been: 
<0 a = : | 
Rs giventhe Baſe © O; you might then find 
4. PO, the Latitude. 
'5- OPO, the Hour from Midnight. 
6. POO, the Anele of the Sun's Poſition. 


Casst 
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Case III, 
The Hypotenuſe and an Angle being given, to find the other Parts. 


HE RE is given inthe Triangle P © O, the Complement 
of the Sun's .Declination, P © and: © PO, the Hour 
from Midnight: 5 by which may be found 

CI. © O, the Amplitude from the North. 

12, PO, the Latitude. 


. [3 C © O, the Angle of the Sun's Poſition. 

6 4 And if in lieu of the Angleat F., the Angle at © P 
"4 had been taken, then you might have found 

| 4. -©0O, the Amplitude from the North. 

5. PO, the Latitude. 

6, OP A, the Hour from Midnight. 


Cass: Iv. 


The Perpendicular, or Baſe, and either of the Angles given, to find 
the other Parts. 


F'N the Triangle P © O let there be given the Ampliade, 
© Q, and the Angle of the Sun's Poſition, P © O3 by which 
you may find 
;I, PO, the Latitude. 
[2 ©P O., the Hour from Midnight. 
2. PO, the diſtance of the Sur Sock the Pole. 
| But if the Side given had been © O, and the Angle 
given © PO, then you might have found 
4+ P ©, the Complement of the Sun's Declination. 
is. PO, the Latitude. 
| 6. PO 0, the Anele of the Sun's Poſi tion. 
12,9 But again, if © O and © P O had been given, then 


| might be found 


7. ©P. the Complement of the Sun's Declination. 
0. © O, the Amplitude fromthe North. 
9. POO, 
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19. POO, the Angle of the Sun's Poſition. 
And again, if POandO © P had beengiven, we 
| might then have alſo found _ 

IO. © P, the diſtance of the Sun from the Pole. 


| II. © O, the Amplitude from the North. 
12. OP O, the Hour from Midnight. 


" WASR F. 
T, he Angles being given , to find the other Parts. 


| 


IF thetwo Angles P ©O and OP © be given, there may 
be found 
I. PO, the Latitude. 
3:42..0 0, the Amplitude from the North. 
3: ©, the Complement of the Sun's Declination. 


Thus you ſee, that in this one Right-aglod Sphericall Tri- 
angle, 6 the ſeveral Parts given in theſe five Caſes, there are 
30 Sphericall Problems reſolved; and ſo may are reſolvable 
in every KIgatangi0a 4 riangle. | 


I. In an Oblique S pherical Triongh. 
In the Oblique-angled Sphericall Triangle, ZPE, 


«F4LP isthe Complement of oe HER. F 

PP 1. PE is the Complement of the Sur's Declination , 
The Side or his Illance Ah the North Pole. 

Z E is the Complement of the Sun's Altitude. 

EZ P 1s the Sun's Azimmth from the North part of 

the Meridian. 
The _ PE 1s the Hour from Noon. 
| LEP is the Apele of the Sun's Poſition. 


N Ca SE 
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Cass |. 
The three Sides being given, to find an Angle. 


T* the Triangle Z EP, if there be given the Side EZ, the 
Complement of the Sun's Altitude, Z P, the Complement 
of the Latitude, and E P, the Sun's diſtance from the Pole, 
or the Complement of his Declination, you may find 
; I. EZP, the Sun's Aziumth from the North. 
3. 


2, LEP, the Angle of the Sun's Poſition. 
3». ZP E, the Hour from Noon. 


Case 1i1, 


Two Sides and the Angle comprehended by then being given, 18 


Ir in the Triangle ZE P there be given the Side E Z and 
& P, and the Angle between them E Z P, you may find 
(1. ZEP, the Angle of the Sun's Poſition. 
12. ZP E, the Hour from the South, or Noon. 
3. E P, the Sun's diſtance from the Pole, 
But if the Sides Z P and P E, and the Angle Z PE 
between them, had been given, then might have 
| | been found 
| 4- PEZ, the Angle of the Sun's Poſition. _ 
9.4 5- EL, the Complement of the Sun's Altitude. 
 [6. EZP, the Azimuth of the Snn from the North. 
| AndiftheSides ZE andP E, with the Angle ZE P 
contained by them, had been given, there might 
| | be found ads ; 
17. ELZP, the Sun's Azimuth from: the North. 
8. ZP, the Complement of the Latitude. 
to. ZPE, the Hour from Noon. | 


© 4a3Et 
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Casze II. 


Two Angles, and a Side contained by them, being ejven, to find 
the other Parts. 


F inthe Triangle ZE P the Angle EZ P and the Angle 
'ZPE, with the Side contatned between them, Z P , be 
we may hnd 


given, 
oF 


I. 


L FE, the Complement of the Sun's Altitude, 


. LEP, the Angle of the Sun's Poſition. 
. EP, the Complement of the Snny's Declination. 


Bur if the Side E P, and the Angles ZEP & ZPO, 
had been given, then might be found 


. EZ, the Complement of the Sun's Altitude, 


E ZP, the Azimuth from the North. 


. Z P, the Complement of the Latitude. 


And if the SideZE, and the Angles PZ E and 
PE Z, had beengiven, then you might find = 


. LP, the Complement of the Latitude, 
. LPE, the Hour from Noon. 
. PE, the Sun's diſtance from the Pole. 


Caen IV. 


Two Sides, with an Angle oppoſite to one of them, being given, is 
find the other Parts. $: 


Ir there be given the Side Z P, the Side E P, and the Angle 
ZE P., theremay be found 


fr. E Z, the Complement of the Sun's Altitude. 


2. EZP, the Sun's Azimuth from the North. 


'3. ZPE, the Hoxr from the South. 


But if the Side ZP, and the Side E P, with the 
age EZP, had been given, then might be 
ound 


(4. EZ, the Complement of the Swn's Altitude. 
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| 


Is. ZEP, the Angle of the Sun's Poſition. 
6. Z PE, the Hour from Noon. 


The Variety of Caſes 


And if there had been given EP, EZ, andEZP, 
then might be found 


17. ZP, the Complement of the Latitude. 
18. ZPE, the Hour from Noon. 
9. LEP. the Angle of the Sun's Poſition. 


In like manner, 1f the Sides PE and E Z, with 
the Angle Z PE, had been given, then might be 
found 

LP, the Complement of the Latitude. 


. EZP, the Azimuth from the North. 
. LEP, the Angle of the Sun's Poſition. 


Apain , if the Sides E Z and Z P, with the Angle 
L P E, had been given, then would be found 


. PE, the Sun's diſtance from the Pole. 


LEP, the Ancle of the Sun's Poſition. 


. E ZP., the Sun's Azimuth from the North. 


Laſtly, if the Sides E Z and Z P, with the Angle 
ZE P, had been given, then you might find 


. PE, the Complement of the Sun s Declinatior. 
17. LPE, the Hour from Noor. 
. E ZP, the Azimuth from the North. 


CasSeE VY_. 


Two Angles , and a Side oppoſite to one of them, being given, to 
find the other Parts of the Triangle. | 


IN the Triangle ZE P, if there be given the Angles E Z P 
andZPE, with the Side PE, there way be found 


| 


5 
1 


"I. ZP, the Complement of the Latitude. 
2. ZF, the Complement of the Sun's Altitude. 
'3. LEP, the Angleof the Sun's Poſition. 


But if there were given EZ Pand Z PE, with the 
Side Z E, then might be found " " 
4+. & TL 
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[4 Z P, the Complement of the Latitude. | 
$.Þ E, the Sun's diſtance from the Pole. 
6. Z E P, the Angle of the 8un's Poſition. 
And ifthe Angles ZPE and ZEP, with the Side 
E P, were given, then might be found 
15.2 the Complement of the Latitude. 

8. P E, the Hour from Noon. 
9. EZ P, the Sun's Azimuth from the North. 

Again, if there were given the Angles Z PE and 
Z EP, with the Side Z P, you might then find 
Io. ZE, the Complement of the Sun's Altitude. 
11; FP E, the Complement of the Sun's Declination. 
12, EZ P, the Sun's Azimuth from the North. 
Alſo if there were given the Ty ZEP and EZP, 

| with the Side Z P, you might 
13. ZE, the Complement of the _- s Altitude. 
14. P E, the Complement of the Sun s Declinatior. 

I5. ZP E, the Hour from Noon. 
-$ - - And laſtly y, if there were giver the Angles ZEP 
and E Z P. with the Side P E, then might be found: 
16. ZE, the Complement of the Sun's Altitude. 
WEIL fg P, the Complement of the Latitude. 

18. ZP E, the Hour from Noon. 


Cas YI. 
The three Aneles being given, to find the other Parts. 


IN the Triangle ZEP, if the three Angles EZP, ZPE, 


and PEZ, begiven, there may be found 
f L P, the Complement of the Latitude. 
3 


0.. 


P E, the Sun's diſtance from the Pole. 
3. Z E, the Complement of the Sun's Altitude. 


—_4 


Thus have you in theſe ſix Caſes all the Varieties that will ariſe: 


out of an Oblique-angled peyont Triangle, in the Converfion of 
N 3 which. 


94. The V ariety of Caſes , &c. 


which Caſes you may obſerve 60 Queſtions of the Sphere to be re- 
ſolved; and ſo wany are reſelvable in every Oblique-angled Sphe- 
ricall Triangle, and Zo in every Right-angled : So that in theſe 
two Triangles 90 Queſtions are reſolved. For, 


In a Right-angled S phericall Triangle, 


Firſt + ; 

Second 6 b tca] 
By thee Third >Caſe are refolvedq 6 > - i 

Fourth / ; »{ Queltions. 


Fifth : 3 


th A 


tes | 


In all 30. 


In an Oblique-angled Spherical Triangle , 


Firſt 3 
Second 9 
Third | 9\ Sphericall 
By the ch Caſe are reſolved hf rebioms. 
7 Fifth 4 18 
\Sixth << 


In all 60. 
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ASTRONOMICALL, 


Ulfefull in the Practice of 


NAVIGATION: 


Performed by the reſolving of ſeverall Sphericall 7ri- 
angles upon the Projedtion. ' 


C 


The Sixth ExFERCISE. 


— __ mt. 4 


z> that are reſolvable by the ſeverall Sphericall 

P Triangles that are ( by the Interſefions of 
the great Circles of the Sphere ) conſtitu- 
ted upon the Projeftion , ſeeing there may 
he 3o in every Right-angled, and 60 in 
every Oblique-angled Sphericall -I riangle 
reſolvued3 I have made choice onely of ſuch. 
&s I conceived moſs neceſſary for Sea-mens uſe. Of which:, 
ſome of them will be aſſiſtent to them in finding the Latitude 3 
others for finding the Sun's Altitude xpor. ſome certain Points: 


of” 


go Aſtronomical and 
of the Compaſs, and at ſome particular Hours : others will 
help them to. find the Variation of their Compaſs 3 aud ſome of 
them will help them to the Hour of the Day and Night, 

By the manner of Working of theſe Propolitions pop the Pro- 
jection, the ingenio#s Praftitioner may propoſe divers other 
Queſtions to-himfelf; and projet the Sphere in Plano ſutable 
unto them in the Prattice and true-performance whereof he 
will accumulate to himſelf both Pleaſure and Profit. 

Beſides the working of theſe Propoſitions #pox the Projection, 
T have to every of them added the Analogie or Proportion, by 
which they may be reſolved by the, Canons of Artificial Sines aud 
Tangents 3 ſotbat ſach as require more exaFFneſs then can be ex- 
peFed from Inſtrumental performance , #2ay by thoſe Canons 
work and reſolve their Queſtions more accurately. ' Many more 
Propoſitions T could have added, but theſe ( forthe Aſtrono- 
micall part) T deemed ſufficient : ſuch as concern Geographie 
and Navigation ſhall follow in convenient place. Fob 


FROP, i 


The diſtance of the Sun from the neareſt Equino@ial 
Point ( either Aries or Libra) given , to find bis 
 Declination, 


T* the Proje@ior this Propoſition is to be reſolved upon the 
Right-angled Sphericall Triangle A k xv, Tight-angled at > : 
which Triangle is con{tituted by the InterſeCfion of the Arches 
of three gicat Circles of the Sphere; namely , of A xx , ar: 
Arch of the Ecliptick, Ak, an Arch of the ZquinoGials and 
of 2 kh, an Arch of a great Circle paſſing through & and R the 
Poles of the Ecliptick,, andcutting the Ecliptick at right Angles 

pF z, which is the place of the $#z at the time of the Qze- 
[TOR - | | 
 , In which Triangle you have given ( beſides the right Angle 
| at 


# 
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at ) (1.) the Side A x», 59 degr. which is the diſtance of 
the Sun from the neareſt Xquinodtial Point Libre 3 (2.) the 
Angle x A k; 23 degr. 30 min. which js the Angle that the. 
Ecliptick makes with the ZXquinoGial, and is alwaiesequal to 
the greateſt Declization of the Sun. Wherefore in this Tri- 
angle you having given the Baſe A x2, andthe Angle at the 
Baſek A &», you may find the Perpendicular þ =, the S's 
Declination, by the 11, Caſe of Right-angled Sphericall Fri- 
angles in the firſt Part of this Book. For which this is 
| . The Analogie or Proportion. 
Asthe Radius go degr. isto the Sine of the Sun's greateſt De- 
clination 23 degr. 30 min. 

 Solsthe Sine of the Sun's diftance from the next Aquinoctial 
Point Lzbre 59 degr. to the Sine of the Sun's preſent Decli- 


' nation 20 depr. 


To reſolve the Triangle upon the ProjeFion, 


Lay a Ruler upon the Pole of the Circle R x: Q_, (which is 
at S,) and the Point 4, it will cut the Meridian in the Point 
I: Alfo lay a Ruler from & to », it will cut the Meridian in 
the Point vw. Sothe diſtance / wv, being meaſured upon your 
Lineof Chords, will contain 20 degr. the Sus Declination, 
he being in the 29. degree of =. 


The the Declination the Sun hath where he is in 29 degr. of 
Taurus, i» 1 degr. of Leo, or 29 degr. of Scorpio, every of 
which Points are diſtant from one of the &quinottial Points Aries - 
or Libra59 degr. 


ProP, 


oy  Aftronomicall and. 


SW «5 8 IE 1 6426, 
The Latitude of the Place, and the Declination of the 
Sun , being given , to find the Alcenſtonal Diffe- 
rence, arty gin 


P ON the ProjeCQion this Propofition 1s to be refolved 
by finding the Side A B of the Rijght-angled Spherical! 
Triangle A © B, Right-angled at B3 which Triangle is com- 
pounded of three Arches of great Citcles, namely, of A ©, 
an Arch of the Horizon, A B, an Arch of the Aquinotial, and 
© B, an Arch of an Hour-Circle. "Dol 22 Or 
In this Triangle you. have given (1:) the Side ©B, the 
Sun's Declination 20d, (2.Ythe Angle © A B,the Complement 
of the Latitude 38 d. 30 m.* and the right Angle ar-B; In-this 
Triangle therefore you have given © B,the Perpendicular,and 
© AB, the Angle at the Baſe, to.find the Bafe A B, which you 
may doe by the 14, Caſe of Right-angled Sphericall Triangles. 


Fox which this is 
The Analogie or Proportion. 


As the Co-tanyent of the Latitude 38 degr. 30 min. is to the 
Tangent of the Sun's Deelination 20:degr. ©. 
Sos the Radius godegr. tothe Sine of the Aſcenſional Dif- 


= 


ference 27 degr. F4 min. ' | 
To reſolve the Triangle upon the Proje®ion, _ 


Lay 2 Ruler to.P, the Pole of the World. (and alſo:of the 
&quinoGtial, ) and the Point B, it will cut the Meridian Circle 
in the Point b.; the diſtance 6 S, being taken in your Compaſles 
and meaſured upon your Line of Chords, will reach from the 
beginning thereof to 27 degr. 14 min. the Aſcenfional Dit- 
ference 3 which is ſo much as the Sun riſeth or ſetteth before 
ax after Six a Clock, So theſe 27 degr.. 14 min. being turned 

into 
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into Time (by allowing I 5 deg. for one Hour, and one Degree 
for 4 minutes of Time) is x Hour and 49 min. and ſo much 
doth the Sun riſe or ſet before or after the hour of Six. ac- 
cording to the time or {eafon of the Year : for if the Sun hath 
North Declination, then he riſeth before Six, and ſets after 3 


but if the Sun have Soxth Declzration, then doth he riſe after, 
and ſet before SIx. 


_ - This Aſcenſional Difference being added to 6 Hours will 
give you the Semidiurnall Arch or Half-length of the Day 3 and 
being taken from ſix Hours, willleave the Seminocturnall Arch 
or Half-length of the Nieht. | 
The Semidiurnall Arch, whex the Sun hath 20 degr. of North 
Declination, is repreſented inthe Proje@ion by the Arch 11 a ©, 
and the Semmnotturnall Arch by © q. - The: Semidiurnall Arch, 
when the Sun hath 20 degr. of South Declination, is repreſented 
by the Arch &s E T, and the SeminoQurnall by the Archrc 2. 
Though 1 have ſhewed how theſe may be found by adding and 
ſubtracting the Aſcenfionall Difference: yet they may be found by 
the Projection, -for the Arches are meaſured upon the Aiquino- 
Chal. Therefore lay a Ruler to P, the Pole of the World, and the 
Point B, it will cut the Meridian Circle in b : $0 the diſtance b A, 
being meaſured by your Chord, will be 117 deer. 14 min. the 
Semidiurnall Arch, ad bez meaſured. mill be 62 degr. 11 min. 
for the SeminoCturnall Arch, bt 6 Oy 


4729 PROP, "WF 
The Latirude of tbe-Place, and the Declination of the 
Sun, being given, to find his Amplitude, 


"THERE aretwo Triangles upan the Projection, by the 
+Þ- refolving of eitber the Prapolitian .may be-refolved, 
and both of themRight-avgled- The one isthe Triangle POO, 
C452 343-- Right-angled 


r0O  Aftronomicall and. 

. Right-angled at O, The other is the Triangle made uſe of in 
the laſt Propofition, A © B. The firſt Triangle is conſtituted 
of theſe three Arches, viz. P Q, an Arch of the Meridian , 
P ©, an Arch of an Hour-Circle, and © O, an Arch of the 
Horizon. ———The ſecond Triangle confiſteth of A ©, an 
Arch of the Horizon, © B, an Arch of an Hour-Circle, and 
A B, an Arch of the Zquinodtial. In the firſt Triangle you 
havegiven the Perpendicular P O, the Latitude of the Place, 
and the Hypotenuſe P ©, the Complement of the Sun's Decli- 
nation 70 degr. by which you are to find the Baſe © O, the 
Sun's Amplitude from the Notth part.of the Meridian, which 
may be found by the 7. Caſe of Right-angled Sphericall Tri- 
angtes.—In the ſecond Triangle BA © ( which 1s that I will 
firſt exemplifie in)you have given (1.) the Perpendicular © B, 
the Sun's Declination 20 degr. (2.) the Angle at the Baſe 
© AB, the Complement of the Latitude 38 degr. 3o min. to 
find the Hypotenuſe © A, the Sun's Amplitude from the Eaſt 
or Weſt. So having the Perpendicular © B, and the Angle 


at the Baſe © A B, you may find the Hypotenuſe © A by the 
4. Caſe of Right-angled Sphericall Triangles. And for it 
this is ' | \ ov 


The Analogie or Proportion. 


As the Co-fine of the Latitude. 38 degr. 3o min. 1sto-the Ra- 
dius 9o degr. Z:3&4-a 
Sd is the Sine of the Sun's Declination 20 degr. to the Sine of 
the Amplitude from the Eaſt or Weſt Points of the Hortzon 

33 degy. 20 min, 


To work, the Propoſition upon the ProjeFion, 


Lay a Ruler upon Z the Zenith, ( which is alſo one of the 
Poles of the Horizon, ) and to the Point ©, it will cut the 
Meridian Circle in d4; and-laid from Zro A, it will cut'the 
Nadir PointinN : So thediſtance N 4, being taken in your 
Compaſſs and meaſured upon your Line of Chords, will con- 

5 tal 
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tain 33'degr. 20 min. the _—_ of the Hypotenuſe, which 
15 the Amplitude of the Sun's riſing or ſetting from the true 
Eaſtor Weſt Points of the Horizon. 

To perform the ſame Work by the other Triangle P© O, 
Lay a Rulerto Zthe Zenith, and the Point ©, and it will 
cut the Meridian Circle in the Point d, as before :.. So the 
diſtance d O, meaſured upon your Line of Chords, will con- 
tain 56 degr. 40 min. which is the Amplitude of the Sun's ri- 
ſing or ſetting from the North Point of the Horizon. 


PrRor, IV, 


The Latitude of the Place, and the Declination of the 
Sun , being given , to find the Angle of the Sun's 
Poſition at the time of þ35 rifing., : | 


HIS Propoſition is reſolvable upon the T riangle P © O: 
In which there is given (1. the Hypotenuſe P ©, the 
Complement of the Sun's Declination; {(2:) the Perpendi- 
cular P O, the Latitude : and tt 1s. required to find the Angle 
P © O: which may be found by the 15. Cafe of Right-angled 
Sphericall Triangles, and by the following 


Analegie ar Proportion. HD 


_ Asthe Co-ſine of the Dgclination 70 degr. 1s to the. Radius 
90 degr. SR | 

Solis the Sine of the Latitude 51 degr. 3o min. to the Sine of 
the Angle of the Sun's Poſition at the time of his riſing. 


By the Proje@ion. 


Lay a Ruler toX, (the Pole of the Hour-Circle P &'S, ) 
and the Point © 3 the Ruler ſo. Jaid will cut the Meridian Circle 
near the Point $1 : then ſet go degr. from &, to xupon the Me- 
ridian, and lay the Ruler from X to x 3 ſo ſhall it cut the Hour- 

i es O 3 . -- . arcle 


{op Aſtronomical and 


Circle S © ÞP (being continued without the Meridian-Circle ) 
in the Pont 5. Again, the Ruler laid from © to # will cut the 
Meridian Circle in the Point 2. So the diſtance O 2, being ta- 
ken in the Compaſles and applied to the Line of Chords, will 


be found to contatn 56 _ 22.6 min, Which 1 Is s the: TIO of 
the Angle P wid is 


Prop, V, 


\ 


The Sun ;Declinarion.. and his Amplitude from the 


North part of the Horizon, being 7. a to find the 
Latitude. 


N the ſame Triangle as 1n the laſt Propoſition P©O, 

have given (1.) the Baſe © O, the Sun's Amplitude om rom 
the North part of the Horizon (2 2.) the Nos rx P ©, to 
find the Perpendicular P O. So there are two Sides given to 


find the third, which you may doe oy the on Ion of Nigntan- 
gled Spherical Triangles: © 


The Analogie or Preportion. 


As the Co-ſine of the Amplitude from the North 3 3 degr, 
20 min. is to the Radius 99 degr. 


So is the Sine of the Declination 20'degr. to the Co-fine of 
the Latitude 38 degr. 3© min. 


By the Proje@ion. 


Thisis eafie 3 for if you take in your Compaſſes the diſtance 
from O to P upon the Meridian, and mealure it upon your 


Line of Chords, it will be found to contain 51 degr. 30 min. 
the Latitude yogaied. 


| PROP. 


ow 


Nawticall Propofttions. 103 


| %. 


£1 1 4 } of / 6 "Ff _ 7 FL 1 e* ” LX 
& vt 7 . 4 "_— k 4 , F _- 
. . [7 " 
a "RI " ; 
KO Pt W2 - LL 
w © -- | 
. 


The Sun's greateſt Declination, with þis Diſtance from 
 thenext EquinoFi:] Point" (Artes or Libra, )\ being 


given, to fiud bis right Aſcenſion. 


SSWLWS Y 


Amnalogie or Proportion. 


As the Radius 90 degr. is to the Co-line of the greateſt De- 
clination 66 degr. 30 min. A 

So is the Tangent of the Sun's diſtance from the next /Xqui- 
noGial point Libra 59 d. tothe Tangent of the right Aſcen- 
fion 56 degr, 50 min. 


By the Proje@ion. 


Lay a Ruler to P and,, it will cut the Meridian Cir- 
clein s- the diſtance S -, taken and meaſured upon your 
Line of Chords, will contain 56 degr. 50 min. the Sun's right 
Aſcenſion. 


I ſhould here ſhew how the right Aſcenſion and Declination 
of a Star might be found; but, the Calculation Trigonometricall 
being very laborious, I have therefore in this place omitted it, be- 
cauſe I have in another Treatiſe, now ſpeedily to be publiſhed, fra- 
med Tables of the Longitude, Latitude, Right Aſcenſion, De- 
clination, 


I04. © * Aſtronomical and : 
clination, aud Semidturnall Arches, of the moſt eminent Fixed 
Stars in the Heavens, exa@ly calculated for the Tear of our 
Lord 16705 and alſo other Tables of the Sun's right Aſcenſion 
for every Degree of the Ecliptick and Day of the Tear : by 
help of which Tables, the Hour of the Night, the Riſing, Setting, 
and the time of their coming to the South, may be obtained by the 
Rules and DireFions preſcribed in the forementioned Treatiſe, 
which will contain ( beſides the Tables bere mentioned all ſuch 
others as at any time the Sea-man fhall have occaſion for in his 
PraGice, and divers other things too tedious here to enumerate. 
But in the mean time TI fhall requeſt the Reader to be ſatisfied 
with theſe two Tables following : Theſe Exerciſes being things 
excly Prafficall. als | 
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A \ Table of the Sun' $ cight Aſcenſion 'M every De- 
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The right Aſcenſ 10n, Declination, and Ma- 
onitude of ſome principal Fixed Stars. 


mm Y © IE ah PER 


The Stars N POV Right A- Declina- | Magn- 


ſcenfion. tion, | | wade. | 
| -D.MIiD, M1. | 
The Pole-Star 7 47187 27|N[> | 
| I he Girdle of Andromeda 12 32133 48|N|2 
| The former Horn of the| | w_ 
Ram -: 38 | 17 37 |N]4 
Bright Star in the Ram's | | E:-4- 
Head [--.26 56 (21 48 IN]23 
| The Whale's Jaw 41 31 2 42|N]2 
| The Head of Meduſa | 41 27139 25|Nj23 
| The Bull's Eye 64 o[15 46INly 
| The Goat 72 44145 35i[Nls 
| I he former Shoulder of 0-}| \Þ | 
rior | 76 38] 4 $9iN1e-:: 
The latter Shoulder of 0- 3 
| rior | 04 71 7 18|Nye 
| IT he great Dog | 97 27416 13181 
The uppermoſt Head of the | F< [- 
Twins 108 1132 1351N12 
The little Dog [ITO 175 6. 6|N]2 
The lower Head of the| 
Twins _ |111 ' 0128 49|N}2 
The Crib [125 4120 $2|N| Neb. 
Hyjdra's Heart 137 -290]-7 :140-1S-H 
Lion's Heart 147 27113 39|N|1 
Lion's Loins {163 54|22 26|N][2 
Lion's Tall 172 49|16 32|N[1 _ 
The Virgin's Girdle 189-321 204N13---- 
_ P 2a- The 
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 Aftronomicalt and 


—— 


| The Stars Names. |#* 4 Sos ga 
Fl PIER os Ls F ens Ta 
-D, MJD. MF | 
| Alio j I899 36|57 36|N|2 
| Vindewjatrix I9i I5|12 51|N|j3 
The Virgin's Spike I96 44|;9 1171S [-1 
 ArGFUrus 209 56;21 4|N;|1 
The Southern Balance 217 56|14 32|S |2 
1 The Northern Balance 224 311 8 21S 12 
{In the Serpent's Neck 231 49| 7 35|N]13 
[The Scorpion's Heart: 242 4125 34|1S|T 
| Hercules Head. {254 40|14- 51]N|3 
| Ophinchus Head 259 41|12 52|N|3 
| I he Harp 1276 17138 30jN|[T 
The Vulture (293 27 3 11N!2 
[The upper Horn of the | 
| Goat [299 30[13 32|S [3 
Left Hand of Aquarins 307 10|10 4311S [4 
| Left Shoulder of Aquarins |318 18| 7 2|S |3 
Pegaſus Mouth 1321 49|-8 18|N[3 
Right Shoulder of Aquarizs | 326 59! 1 58S |3 
| Fomahant 339 29|31 23|S|1 
| Upper Wing of Pegaſ#s 341 53[13 21;N}a 
[359 52113 15 [N [2. 


"0 the tip of Pegaſ#s Wing 


Ther rig mw Aſcenſion, Declination, we Ma. 
"grirade of ſome eprincipa Fixed Stars. 


| 


Nanticall Propoſetions. | 109) 


Fzxor; YH. 


The Latitude of the Place and the' Sun's Declination 
being given, to find at what Hour the Sun will be 
upon the true Eaſt or Welt Points. 


" TP ON the Projection there are two Right-angled Sphe-- 

ricall Triangles, by either of which this Propoſition 
may be ſolved. The one 1s the Iriangle Z Po, made.by the 
Interſections of Z o, an Arch of the Prime Verticall, P o, an. 
Arch of an Hour-Circle, and Z P, an Arch of: the Meridian. . 
In which Triangle there is given Z P, the Perpendicular, the 
Complement of the Latitude of. the Place 38 degr. 3o min. 
and the Hypotenuſe P o, the Complement of the Sun's De- 
clination 70 degr. to find the Angle at the Perpendicular. 
ZP o, which -you may doe by. the 14. Cafe of: Right-angled . 
Sphericall Triangles. 


 Theother Triangle is oC A, right-angled at C, and is con- 

ſtituted of o C, an Arch of an Hour-Circle, C A, an Arch of 
the XquinoRial, and o A, an Arch of the Prime Vertical. 
In which Triangle you have given , (7.) the Perpendicular, 
O C. the Sun's Declinatien 5- (2.)the Angle at the Baſe, CA o, 
the Latitude 51 degr. 3o min. to find the Baſe CA. Thus. 
having the Perpendicular and the Angle at the Baſe, you may 
find. the Baſe CA as followeth , this being 


The Analogie or Proportion: . 


As the Tangent of the Latitude 51 degr- 30min. .is to the. 
Tangent of the Sun's Declination 20 degr. 
Sois the Radius 9o degr, to the. Go-line of the Hour. from 

. Noon. ah 


P 2 | Ts: 
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To reſolve the Propoſition by the Proje@ion, 


Lay a Ruler upon P, the Pole of the Woxld, and the An- 
ole C of your Triangle, the Ruler will cut the Meridian Cir- 
cle in the Point g : So g 4, beingtaken in your Compaſſes 
and meaſured upon your Line of Chords, -will be found to 
contain 73 degr. 10 min. which converted into Hours and Mi- 
nutes will be 4 hours and about 53 min. . So that the Sun, when 
he hath 20 degr. of Declination, will come to the Eaſt 


Point at 7 min. paſt 7 inthe Morning, and will be due Weſt 
5> min. after 4 in the Afternoon. 


PROP, VIII, 


Having the Latitude of the Place, and the Sun's Decli- 
natton, given , t2 find what Altitude the Sun ſhall 
have when he is upon the true Eat or Welt Points. 


6 I S Propoſition may be reſolved by either or both of 


the Triangles mentioned in the laſt Propoſition. For 

in the Triangle Z P o you have given P Z, the Perpendicular, 

and P O, the Hypotenule, to findZ o, the Baſe, by the 8.Caſe 
of Right-angled Sphericall Triangles. wy 

But in the Triangle o CA, you have given (T.) the Per- 

pendicular o C, the Sun's Declination 20 degr. (2.) the An- 

ole at the Bale o A C, the Latitude ofthe Place 51 degr. 3o m. 
to find the Hypotenuſe 8 A, for which this is 


The Analogie or Proportion. 


As the Sine of the Latitude 51 degr. 3o min. is to the Sine of 
the Declnation 20 degr. 

Sois the Radius 9o degr. to the Sine of the Sun's Altitude be- 
ing due Eaſt or Welt 25 degr. 55 min, 


A 
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To reſolve the Propoſition by the Projeion, 


Lay a Ruler upon O, (one of the Poles of the Prime Ver- 
ticall ) and to the Angle oof the Triangle; a Ruler thus laid 
will cut the Meridian Circle in the Point p : So the diſtance - 
H p, being taken and meaſured upon the Line of Chords, will 
be 25 degr. 55 min. and ſuch height will the Sun have when. 
he 1s either Eaſt or Welt. 


Prop, IX. 


The Latitude of the Place, and the Declination of the 
Sun, being given, to find what Alritude the Sun 
ſhall bave at >1ix of the Clock, 


"OR finding of the Triangles upon the Projedtion, which: 
| will reſolve this and the following Propoſitions, you mult 
ſuppoſe another Azimuth Circle to be drawn in the Projecti- 
on from 7 to N, and through that Point where the Parallel of. 
Declination x ©, and the Axis of the World, or Hour-Cir- - 
cle of Six, P AS, do-croſs each other. The drawing of which. 
Azimuth Circle I purpoſely omitted , chicily becauſe the 
Scheme in.that place is more cambred with Lines and Letters: 
then any other part thereof: But you may well enough, tor 
the ſolving of thefe two Propoſitions, imagine it to be drawn.,, 
the Pole whereof is at *. This Azimuth Circle being fuppo- 
led to be drawn, you have upon the Projeftion two Triangles: 
like-angled, which will perform the Work of. refolving this: 
Propoſition. In one of which you have given the Baſe, which 
1s the Complement of the Declination, and the Perpendicular, 
- Which is the Complement of the Latitude, to: find the Hypo-- 

tenuſe, which is the Complement of the Sun's Altitude requi-- 
red. This Triangle may be reſolved by the firſt Caſe afore- 
going, -—— ——In the other Triangle there will be given the: 

_ Hypotcnule ,, 
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Hypotenuſe, which is the Sun's Declination, and the Angle at 
the Baſe , which is the Latitude, to find the Perpendicular , 
which is the Sun's Altitude at Six a Clock-: To find which 

this is | | 


The Analogie or Proportion. 


As the Radius 90 degr. is to the Sine of the Sun's Dechinati- 
on 20 degr. ES 

'So is the Sine of the Latitude 51 degr. 3o min.-to the Sine of 

_ the Sun's Altitude at Six 15 degr. 30 min. 


To reſolve the Propoſition by the ProjeFion, 


Lay a Ruler upon.the Point*, and that Point where the 
Parallel of Declination x © croſleth 'the Axis or Hour of 
SIx3 the Ruler thus laid will cut the Meridian-Cucle in.the 
Point g. So O g, being meaſured upon the Chords, will give 
you 15 degr. 3o min. And fuch Altitude will the Sun have at 
the Hour of Six in the Latitude of 541.degr. 30 min. when he 
hath 20.degr. of Declination. 


Pro?, X, 


The Latitude of the Place and the Declination of the 
Sun being given, to find what Azimuth the Sun 
ſhall bawe at Stx a Clock, 


'F* E two Triangles that were ſuppoſed in the laſt Pro- 
L poſition to bedrawn upon the Projection will reſolve 
this Propoſition alſo ; but ſeeing the Triangles are not drawn, 
but ſuppoſed, I will onely give you the Analogie, and then 
the way of working it upon the Projection. 


The Analogie or Proportion. 


As the Co-fine of the Latitude 38 degr. 3o min. is to the Ra- 
dius 90 degr. | oy 
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Sois the Co-tangent of the Sun's Declination 70 degr.. tothe 
Tangent of the Sun's Azimuth counted from the North 
| partof the Meridian 77 degr. 14 min. 


To reſolve the Propoſition upon the ProjeFion, 


Lay a Ruler to the Zenith-point Z, and upon the Point 
where the Parallel of Declination cuts the Hour-Cirdle of 
Six 3 the Ruler thus laid will cut the Meridian Circle in » : So 
the diſtance » O ,, being meaſured upon the Line of Chords , 
will contain 77 degr. 14 min. which is the Azimuth from the 
North part of the Meridian. The diſtance N r, meaſured 
upon the Chords, will give you 12 degr. 46 min. which 1s the 
Azimuth from Eaſt or Weſt.——And 7H, meaſured upon 
your Chord, will contain 102 degr. 46 min. his Azimuth from 
the South. 


CROP. Al. 


The Latitude of the Place, the Declination of the Sun, 
and the Sun's Altitude, being given, t9 find the 
Sun's Azimuth either fromthe Eaſt, North or South 

| Points of the Horizon. 


LL the foregoing Propofitions' have been performed 
A by the reſolving of a Right-angled Sphericall Triangle: 
This and ſome others following require the reſolving of an 
Oblique-angled Triangle for their Solution. So this Pro- 
oſition is performed upon the Oblique-angled Triangle 
CE P; which in the ProjeQion is conſtituted by the Iriter- 


- 


ſe&tion of P E S, an Hour-Circle, Z EN, an Azimuth Circle, 
and ZH N ©. the Meridian :. and the Arches of theſe Cir- 
cles interſeQing each other inthe Points Z, E, and P, do make 
the Triangle Z E P35, in. which you have giyen'the three 
Sides,  -(1.) Z P,'the Complement of the Latitude 38 degr. 

| Q_. _-30mn. 


4 Aſtronomical and 


30 min. ofthe Place, (2.)P E, the Complement of the Sun's 
Declination South 2 10 degr. (3.)Z E, the Complement of the 
Sun's Altitude 78 d.to find the Angle E Z P, which may be re- 
ſolved by the 1 : Caſe of Oblique-angled Sphericall Triangles. 
But this being to reſolve a particular Propoſition, I ſhall give 
_ Analogie or Proportion whereby to work it by the 
anon 
Adde all the three Sides together | into one Sun, and take 
the half thereof, from which half Sumſubtract the Side PE, 
noting the difference, as here you ſee done. - 
M.. 


1" Af * FRE —-38 
Fhe Sidey'Þ E-——110 OO 
LL E— -78——00 
Fhe Sum——226— 


Fhe half Sum-21 I 5 


57 
15 


” le. 


— 


Ehe difference between the half Sum and P + BEL 15: 


Having found the Sum , the half: Sum, and the difference , 
you may work by the following: 


Amalagie or. Proportion.. 


(1. 2 As theRadius90 depr. tstothe Cofine of. the Altitude 
depr. 

$0; is the Co-fine of the Latitude 38 degr. 30 min.. to the Sine | 

of a fourth number, which s.37 degr. 35 min. 


(2. "tes As the Sine of the fourth number 37 degr: 30 min, is/to. 
t 


eSine of the half Sum 113 degr. x5 min. 


So is the Sine of the difference '3 degr. 15 min.. to another 


Sine, viz. 4 degr. 54 min. Unto which ſeventh Sine if you. 
adde the Sine of 5 ooh half that Sum ſhall be the Sine of 


an Arch, whoſe ng deubled is the ao 
from the North. - 


30 | 
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To reſolve this Probleme by the ProjeFion. 


That which is moſt intricate and difficult to perform by 
Numbers, is by ProjeCtion effected with the fame eaſe as any 
of the reſt, As inthis Propofition, it is the Angle E Z P 
which 1s required. ———Lay a Ruler upon the Zenith-point 
Z, and to the Pomt G , upon the Horizon 5 the Ruler thus 
laid will cut the Meridian Circle in the Point g. So the di- 
ſtance g ©, being taken in your Compaſſes and meaſured up- 
on your Line of Chords, will be found to'contain 146 degr. 
which 15 the Sun's Azimuth from O, the North part of the Me- 
ridian.———But if you meaſure the diſtance between the 
g andH, 1t will contain 34 degr. which is the Azimuth from 
H, the South part of the Meridian. ——And if you meaſure 
the diſtance g N upon your Chord-Line, you ſhall find that 
to contain 56 degr. and fo much is the Sun's Azimuth from 
A, the Eaſt and Welt Points of the Horizon. 


This Example of finding the Azimuth was taken when the 
Sun had 20 deer. of South Declination. I will now farther 
exemplifie this Propoſition by finding the Azimuth when the Sur 
hath North Declination.— As let the Latitude be as before 51 d. 
3O a the Sun's Altitude 12 degr. aud the Declination 20 d. 
North. 


Fowork this by the Canon of Sines differeth- nothing from 
-- qe for the Analogie or Proportion 1s general in all 
aſes. | 
Upon the ProjeCtion it ts refolved { though the fame way, 
yet) upon another he” namely, the Triangle Z P a,n 
winch is given ( 1.) ZP. the Complement of the Latitude 
33d. 30min, (2.) Z a, the Complement of the Altitude 
_ 78 degr. (3.) the Complement of the Sun's Declination 
| North 70 degr. and you are to find the Angle P Z a, the Sun's 
Azimuth from the North. 
Q2 Lay 
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Lay a Ruler upon Z unto the Point a, it will cut the Meri- 
dian Circle in the Point s the diſtance s O, being taken in 
your Compaſles and applied to your Line of Chords, will 


there give you 72 degr. 52 m. And ſuch is the Sun's Azimuth 
from the North. 


If you. ſubtra# this Azimuth from the North 72 degr. 5.2 1. 
from 180 degr. the remainer 107 degr. 8 min. will give you the 
Azimuth from the South, which upon the ProjeFGion is the di- 
ſtance s H. — And if fromthis Azimuth from the South 107 d. 
8 min. you take 90 degr. the remainer 17 deer. ® min. is the 
Azimuth from the Eaſt or Weſt, which in the Proje&ion is the di- 
ftance Ns. 


FRrROP. XATE; 


The Latitude of the Place, the Sun's Declination, and 


the Sun's Altitude, being given, to find the Hour of 
the Day. 


HIS Propofition is performed by the reſolving of the 
Oblique-angled Sphericall Triangle Z P 4, compoſed 
of £ P, an Arch of the Meridian, Z a, an Arch of an Azi- 
muth Circle, and of Pa, the Arch of an Hour-Circle: In 
which you havegiven (as in the laſt Propoſition) the three 
Sides, to find the Angle Z Pa, which you may doe by the 
11, Caſe of Oblique Sphericall Triangles. 

To. reſolve this Propoſition by the Canon 3 Adde the three 
Sides together, and from the half Sum of them ſubtract the 
Complement of the Sun's Altitude, and note the difference, as 
you ſee here done. 


The 
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d, ...M- 
Z P, the Complement of the Latitude—38—30. 
The Side JL a, the Complement of the Altitude—78—o0 


P a, the Complement of the Declination-70—00 


The Sum 


196-—30 


The half Sum—93—1 . | 


—_— WP ptr En: on. 


The difference between the half Sum and Z *, oo 
the Complement of the Altitude ——— 1 POOP 


Being thus prepared,-you may, reſolve the Pro ſition by 
the Canon. of Sines, by this . 


Analogie- or FOOTY; 


(1..) As the Radius 9o degr.. is to the Co-fine of the Sun's Al- 
titude 78 degr.. 


$o is the Co-ſine of the Latitude 38 degr. 3o min, to a fourth 
Sine, viz. 35 degr. 48 min. 
2.) As this fourth Sine of 35 degr. 48 min. is to the Sine of: 
the half Sum 93 degr. 15 min. 


So« isthe Sine of the Difference 15 degr. 15 min. to-another 


Sine, v1z. to the Sine of 26 degr. 40 min.. Unto which Sine 
if you adderhe Sine of go degr. or Radius,) half that Sum 
ſhall be the Sine of an Arch , whoſe Complement being 
doubledis the Hour from the Meridian 95 degr. 52 min. 


To reſolve the Propoſition by the Proje®ion. 


In the Triangle Z P a, it is the Angle at P that is to be found.. 
Wherefore lay a Ruler from the Point P tothe Point a, and it 
will. cut the. Meridian Circle in 2. So the Arch t X, being mea- 
{ured upon your Line of Chords,will be found to contain 95 d: 
52 min. which is the Hour from the Meridian; - and the Arch 


tf. £, being meaſured, will contain 84. degr. 8 min. which is the 


Q 3 _ Howr: 
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Hour from Midnight. Alſo the Arch #S, being meaſured upon 
the Chord, will contain 5 degr. 52 min. the-Hour from Six. 


d. mm. hours m. 

(1A 95——52)_. 13 (6————23 
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To convert Degrees and Minutes of the Aquinodtial into 
Hours and Minutes of Time.: Note that 15 Degreesof the AZqui- 
nottial make one Honr of Time, and one Degree 4 Minutes of 
Time. Therefore divide the Degrees of the F£quino@ial by 15, 
the Quotient is Hours 3 and multiply the Degrees by 4, and the 
Produt will. be Minutes of Time. 80 the Hour fromthe Me- 
ridian being 95 degr. 52 min. divide 95 by 15, the Puotient is 
6 Hours, and 5 remaining, which 5, multiply by 4, and it makes 
20 Minutes of Time, and the 52 min. make 3 minntes of Time 
and more, almoſt 4 minutes. $0 that 95 degr. 52 min. of the 
AquinoGial do make in Time 6 hours and almoſt 24 minntes. 


Prop, XIII, 


The Declination, Altitude, and Azimuth of the Su n. "£1 
ing groen, to find the Nour of the Day, 


HE Triangle ZEP in the Projeqion reſolves this 

Y Problem : in which there is given (1.)E P, the Com- 
plement of the Sun's Declination 70 degr. Southz (2.) the 
Side EZ, the Complement of the Sun's Altitude 78 deg. and 
(3.) the Angle EZ P, the Sun's Azimuth from the North. So 


that you have two Sides and an Angle oppoſite to one of them 
given, to find the Angle oppoſite to the other , which you 
may doe by the 83. Caſe of Oblique-angled Sphericall Trian- 
gles, and by the following 


ANna- 


_—— 
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Nanticall Pr opofetions C I 9 


Analogie or Proportion. 


As the Co-fine of the Declination 70 degr, is to the Sine of 
the Azimuth 146 degr. or 34 degr. 

So ts the Co-line of the Altitude 78 degr. to the Sine of the. 
Hour from Noon 35 degr. 36 min. 


By the Proje@ion. 


Lay a Ruler tothe Pole P, and upon the Point D in the X- 'r 
quinoCtial 3 a Ruler thus laid will cut the Meridian Circle in e 5 _ 
the diſtance e A, being meaſured upon the Line of Chords, ql 
will give you: 35 degr. 36 min. the Hour from Noon, which. | 
in Time's Is 2 2 hours and 22 minutes.. | 


Pr OP; XIV. 1 I 
The Sun's. Declinatton, bs Altitude, oy the Hour from 


Noon, being given, to find the Sun's Azimuth ha 
the North yore of the NEIGWS:.. 


'N the ſame Tri iangle ZBP you have iven (7:3. the Side- 'N 
E P, the Abs ho the Sun' $Dex nation South 70 d.. it 
(2) the Side Z E, the Complement of the Altitude 78 degr. ll. 
and (3. the Angle ZP Exhe How fromNoon 36 degr..35 m- #+ 
That is, you have given (as before.) two Sidesand an pe > 
oppoſite to one of them , to find the Angle oppoſite to the 'F 
other, which you may doe bythe 8. Caſe of Oblique _ Þ 
call Triatgles:3 or by this: | it 


 Andldgieor Delton: KY 1 


Asthe Corſine'of the Alicude 78 degr. is to the Sine of the 
Hour from Noon 36 degr. 35 min. 

So is the Co-fine of the Sun's Declination 70 d. to the Sine of - 
the Azimuth from the'North = — Meridian 146 degr:. 


or 34 degr, from the South... |! 


By: 


I 1 > INS TIA ER < eee 
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By the ProjeGion. 

Lay a Ruler to Z, and upon the Point'G, which will cut the 

Meridian Circle ing : So g H, being meaſured upon your Line 

of Chords, will be found to contain 34 degr. the Azimuth 

from the South part of the Meridian, which being taken from 

i380 degr. the remainer.will be 146 degr. equal to the Arch 
g O, the Azimuth from the North part of the Meridian. 


Proe, XV. 


The Hour from Noon, the Latitude of the Place, and 
the Alcitude of the Sun, being given, to find the An- 
gle of the Sun's Poſition. 


$5 the Oblique-angled Sphericall Triangle Z PE you have 
given the Side Z P. the Latitude, 'Z E, the Complement of 
the Sun's Altitude, and Z P E,. the Hour from Noon, to find 
the Angle ZE P, which is the Angle of the Sun's Poſition at 
thetime of the'Queſtion : So inthe Triangle Z PE-you haye 
two Sides, with an Angle oppoſite to one of them, given, to 
find the Angle oppoſite to the other Side, which you may find 
bythe 2. Cafſeof Oblique-angled Sphericall Triangles: For 
which this ts OTE COTOERE Bb 7 TIOVTY STE DOT. col 3A; 
rs The Analogie or Proportion. 
As the Co-fine of the Sun's Altitude 78 degr. isto the Sine of 
the Hour from Noon 35 degr. .36 mjn. 
S0 is the Co-fine of the +1, 'degr. 30min. to the Sine 
of the Angle of the Sun's Poſition at the time of the Que- 
ſtion 21 degr. 45 min. Ws 


 'By the Proje@ion. 


This is the moſt troubleſome Propoſition that we have yet 
met 
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Nauticall Propoſttions. I2I 
met withall to be reſolved by the ProjeCtion 3 and yet it is alſo 
thereby eaſily reſolved in this manner. 

. Take in your Compaſles 9o degr. of your Chords3 then 
lay a Ruler upon Y, (the Fole of the Hour-Circle Þ E S,) 
and the angular Point E ; it being fo laid will cut the Meridian 
Circle in v. Then ſet godegr. of your Line of Chords from v 
to x ppon the Meridian Circle, and the Ruler lajd frow Y 
to x will cut the Hour-Circle P ES in the Point p. 

Again, lay a Ruler to ©, (the Pole of the Azimuth Circle 
ZE N,) and to theangular PointE 3 it being ſolaid will cut 
the Meridian Circle in the Point M. Set godegr. from Mtoz 
upon the Meridian Circle, and lay a Ruler upon © and x 5 it 
will cut the Azimuth Circle ( it being continued without the 
Meridian Circle ) in the Point 9. 

Laſtly, Lay a Ruler to the angular Point E, and this Point 
4, It will cutthe Meridian Circle in 5; alſo lay a Ruler from 
E to y, it will cut the Meridian in. Thediſtance 9 >, being _ 
taken in the Compaſles and meaſured upon your Liue of 
Chords, will contain 21 degr. 45 min. and that 1s the quanti- 
ty of the enquired Angle ZE P, which is the Angle of the 
Sun's Pofition at the time of the Queſtion. 


Proe, XVI. 


The Sur's Altitude, hzs Declination, and Azimuth from 
the Norch, being given, to find the Latitude. 


IN the former Triangle ZE P, let there begiven (1.) EZ, 
[ the Complement of the Sun's Altitude 78 degr. (2.) EP, 
the Camplement of the Sun's Declination ( or his diſtance 
from the Notth-pole) 110 degr. (3.) the Angle EZ P, the 
Azimuth from the North. ——— By the laſt Propoſition find 
the Angle of the Sun's Poſition, Z E P, which had, the Side 

TE, the Complement of the Latitude, may be found by this 
R Analogie 
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Analogte or Proportion. 


As the Sine of the Sun's Azimuth 14.6 degr. ( or 34 degr. ) is 
tothe Sine of the Sun's diftance from the North-pole 110 d. 
(or 70 degr.) 
So 1s the Sine of the Angle of the Sun's Poſition 21 degr. 45 m.. 
to the Complement of the Latitude 383 degr. 3o mig. 


By the ProjeFion. 


It beingthe Side Z P that is required, foraſmuch as that: is 
an Arch of the Meridian Circle, you bave no more to doe but 
to take the diſtance Z P in your Compaſles, and meaſure it up- 
on your Line of Chords; which being done, you will find it 
will contain 38 degr. 3o m. the Complement of the Latitude; 
vo taken from 90 depr: leaves 51 degr.. 30 m. the Latitude 
oy | 


By the Solution of the foregoing Propeſitions,” both by Trigono- 
metricall Calculation by the Canons of Sines and Tawgents, and 
«jo by the Projetting of the Sphere , you may eaſily diſcern 
the facility of the one above the other, namely, that of ProjeGi- 
#n3 foraſmuch as thoſe Propoſitions which by Calculation are 
moſt troubleſome, are by the ProjeFive way moſs eaſte. — For , 
bere is no need of letting fall Perpendiculars to reduce the 0b- 
tique Triangle into two Right-angled Triangles, and ſo. making of 
two works for ſolving of owe Problem. Beſides, the ProjeFion 
renders every Triangle ſo naturally to the. eye, that they are re- 
ſolved ( as it were) by looking on them, — — Many more Exam- 
ples I might heve given upon this one ProjeFion, but T-ſee- the 
Scheme grow too fullof Lines and Leiters, that makes me-here 
break, offs And now IT will ſhew how the ingeniows young Sea- 
qe may. apply theſe Propoſitions to his uſe. at Sea.. 


The 


/ i 


The Sphore Projucted. upm the Plain of 
—_—_—_—_ 
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* k vy. 6 


” 


bu o F.., fn all # , [0 o I ls \ i .; 4 
Wy 4 ' OI Ps 4 >44>44 | JET 
I 5s EFT EI ANKLE ISL 4 - SF. 
The f 


PROPOSITIONS 
applied to PraQtice : 


By which the Ingenious young Sea-man may make 
them ſerviceable to him art Sea, to ſeverall good and 
uſefull Purpoſes. 


The Seventh ExERcisE. 


2. GPF the foregoing Aſtronomicall Propoſitions 

NSC the ingenious Sea-man may make good and 

XxXD\ Y profiteble uſe at Sea. For ſome of thent will 

AHF, 1 be aſſiſtent to hine in the finding of the Lati- 

8 TY JW tude of the Place he is in.——Some of them 

fer will help him to find the time of the Sun's 

x riſing and ſetting 7# any place, and at any 

time of the Tear. —Some will help him to 

the Hour of the Day, — Some to the Hour of the Night, at any 

time and in any place. — And divers of them to find the Varia- 

tion of the Compaſs. Examples of all which I will inſtance 
in, ſo that he may put them in prattice at Sea. 


R 2 | EF." 
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I. Propoſitions aſſſtent to fad the Latitude. 


THE Propoſitions which may be applied to the finding 
of the Latitude are the Firſt and the Sixteenth. 

The firſt Propoſtion is to find The Sun's Declination , which 
being obtained, and the Sun's Meridian Altitude obſerved at 
Sea or Land 1n any part of the World, the Latitzde of that 
Place, by help of them, may be known; in which there are 
ſeverall Caſes, according as the Sun hath either North or South 
Declination, and as the Sxxis ſituate, he being either upon the 
North or Soxth-ſide of the Meridian. —The ſeverall Varie- 
ties are theſe which follow. 


-The Meridian Alti- 
; SOUTH-fide of the } —_ Fo 5M 
When th2 Sun 1s 1n| Meridian, z gre 


Elevation of the 
rhe e/£quinoGtalgta® | North-pole. 


vying no Declination,% | : 
and the Meridian The Meridian Alti 


Alritade is obſerved | NOR TH-ſide of the ) 7#4e taken from 
on the | Meridian, 90 deg, leaves the 
S / Elevation of the 

= South-pole. 

{It the Meridian Altitude be leſs thengo d. and the Lun: 
upon the Soxth-ſide of the Meridian 3 the Sun's Dech- 
»ation,being taken'from the Meridian Altitude, leaves 
the height of the ZquinoG:al, which taken from god. 

\ gives the Latitnde North. 7 

If the Meridian Altitude be leſs then go d.. and the Sun 
upon the Soxth-ſide of the Aeridian, adde the Meridi- 
ar Altitnde and Declinatioz together ; their Sum 1s the 


When the Sun's Declivatips is 


height of the #quinoGial, which taken from 90 degr.. 
| leaves the Latitnde North. Bur if the Sum of the De- 
clination and Altitude exceed 9o degr. take go degr. 

-* therefrom, the remainer is the Latitude Sonth. _ 
'hen 


applied to Nanticall Praftices. 125. 


If the Meridian Altitude be lefs then 90 d. and the Sun 
( upon the North-ſfide of the Meridian, adde the 41ti- 


i tude and Declination together 3 their Sum is the height 
05 of the ZqnineGial, which taken from 9o d. leaves 


the Latitude Soxth.—But if the Sum be above yo d. 
take 90d. therefrom, the remainer is the Latitude 
4 North. | 


If the Meridian Altitude be leſs then 90d. and the Sun 
x \ upon the North-ſide of the Meridian, ſubtract the De- 
=4L clination from the Meridiay Altitude; the remaincr 
2 } is the height of the ZquinoFial, which taken from 
- 90 degr. teaves the Latitude South. 


When rhe Sun's Decliadtion is 
ee. 


Sun's Dech. go degr. the Sun's Declination 


xation is (SOUTH, ) is the Latitude South. 


When the "ch by the Meridian Altitude be juſt 5 

Kf the Aeridian Altitude be obſerved under the Pole, within 
the bounds of the Polar Circles, in ſuch caſe the Swr's Decl:- 
watiou muſt be taken from go degr. and what remains is his 
diſtance from the Pole; which being added to the Meridian 
Altitude, the Sum is the Latitude of the Place. 


The other Propoſition which will be afliſtent to find the La- 
tatude 1s the Sixteenth. If you ſet your Compaſs to the giver 
Azimuth, and when the Sun is upon that Azimuth, if you take 
his height, you may find your Latitnde either by Trigonometri- 
"4 Calculation or by Projedion. As inthe Sixteenth Propo- 


kT: 


126 MAﬀftronomicall- Propoſetions 


I. Propoſitions aſſſient to find thetime of the 
Sun's riſing and ſetting. 


HE principal Propoſition for this purpoſe is the Se-_ 

cond, which is to find the Aſcenſionall Difference, from 

which the time of the Sys riſing and ſetting, the Semidinrnall 

and SeminoFurnall Arches, may be gathered 3 and from thence 

the length of the Day and Nzeht- all whichare plataly ſhew- 
ed inthe Propoſition it ſelf. 


III. Propoſotions aſfiſtent to find the Hour of 
the Day and Night. 


HE Twefth and Thirteenth Propoſitions will be fer- 

viceable to find the Hour of the Day. The Twelfth 
giving the Hour at any time of the Day by the Work of that 
Propoſition it ſelf, ——The Thirteenth findeth the Howr upon 
a given Az3muth and Altitude, Wherefore ſet your Compaſs 
to the given Azizmth, and obſerve his Altitude when he 
cometh upon that 4zi#zth; the Sun's Declination ( or time of 
the year ) being known, you may then find the Hoxr by the 
Work of the Thirteenth Propoſition. 


The Propoſition that will be affiſtent to you in finding the 
Hour of the Night is chiefly the Sixth, it ſhewing how to find 
the Sun's right Aſcenſion, which, with the afliſtence of thoſe 
other Tables which follow that Propoſition, will help you to 
the Hoxr of the Night, and alſo to find at what time any of the 
Stars there inſerted in the Table will be upon the Meridian. 
The manner how to efieCt either ſhall be ſhewed in theſe two 
following Problems. 


PROBL. 


applied to Nautical Prafices. 


FROBLE 


How to find at what time any of the Stars in the 7able of 


the Sixth Propoſition will be upon the Meridian. 


"Ubſtract the Kzght Aſcenſion of the Sun from the Right 4/- 
cenſion of the Star, the remainer is the time of the'S#ar's 
coming to the Meridianafter noon, But if the right Aſcenſion 
of the Star be leſs then the AKght Aſcenſion of the Sum, adde 
360 degr. thereto, and ſubſtract the Right 4ſcerſior of the 
$un from the Sum, and the Remainer 1s the ttme of. the Star's 
coming to the Meriazarn. 7; L 
Example. Upon the fourth of '0@ober 1667, the Sun being 
in 21.degr. of Zbra, I would know at what time $rius (or the 
Great Dog ) wilt be upon the Aeridian 


d. - mm. 

The Right Aſcenſion of Sirius 15 —————— 97 —27 

The Aight Aſcenſion of the Sun that day 1s- 199-23 
Becauſe SubſtraChon cannot be made, —_ 4 

360 d. to the Rzght Aſcenſion of the Star — Do Ty 
Fhe Sum 165———— 457 —27/ 

Thesnr'sRight Aſcenſion ſubſtrated from 

458'degr. 4'min. leaves the time of the —2593—04. 


Star's coming to the Meridian 


Which 258 degr. 4 min. being converted into Time make 


17 hours almoſt, that is, at5 of the Clock the-next Morning 


Sirius will be upon the Meridian. - 


"' 


27 . 


PiROBL.. 
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ProBL, 1], 


_ 7o find theHour of the Night by any of the Stars that 
are in the Table of the Sixth Propoſition, 


AKE the Altitude of the Star, and by his Declinatiore 
and A/titnde find the Hour(by the Twelfth Propoſition) 
as if 1t were by the Sun, which I call the Star's Hour, Then 
comparing the Right Aſcenſion of the Sur with the Right Aſcen- 
ſion Of the Star, you may come to find the Hour of the Nzght. 

Example. Upon the 16. day of November, in the Morning, 
I took the 4/titnde of ArGFarus, finding it to be 27 degr. 12 m. 
and his Declination (by the Table) Tfind to be 20 degr. 58 m. 
By help of theſe two and the Latztude l find the Star's Hoxr to 
be 72 degr. Then compare the Sun's Right Aſcenſion with 
the Star's Right Aſcenſion, and find his time of coming tothe 
Aeridian, as in the former Probl. the difterence between the 
Star's Hour and-his coming to the Meridiaz isthe Hour of the 
Night. See the manner of the Operation. 


d. IM. 

The Right Aſcenſion of Ardurus — —— 210—13 
The Right Aſcenſion of the Sur —-242—00 
.. Adde tomake Subt.——360—o0 

The Sum 15——— 570—13 


The $ux's Right Aſcenrſiox ſubſtracted, reſts—3 28—1 3 
From. which take 180 degr: or 12 hqurs—180—00 


Reſts—1 40—1 3 
The Star's Hour ſubſtracted——— ——— 72—OO 


Leaves the Hour of the Night —+————76—13 
Which converted into Time is 5 h. 5 m.and that 1s the Hour 
in the Morning. IV Pro- 


applied to Nanticall Praffices. 12 9 


IV. Propoſotions aſſiſtent to the finding of the 
Variation of the Compaſs. 


HE Propoſitions that will be ſerviceable herein are the 

3.7.8.9. IO. I1, and 14. but more eſpecially the Third 
and the Eleventh : and thoſe I ſhall here illuſtrate by Exam- 
ple, though all the reſt (as occaſion may fall out) will be alſo 
nſefull thereunto. By the Third Propoſition you may find 


the Amplitude of the Sun's Riſing and Setting. — By the - 


Eleventh you may find the Azimuth at any time of the day.— 
By either of which the Yarzation of the Compaſs may be found, 
and alſo which way it varieth. 


I. 7o find the Variation by the Amplitude. 


Y the Third Propoſition you found the Sun's Azplitude at 
B his riſing or ſetting to be 33 degr. 20 min, from the true 
aſt or Weſt Points of the Horizon towards the North. Having 
thus before-hand found the Azeplitude, in the Morning I ſet 
my Coxzpaſs tothe Sun at his Riſing 3 and if I find that, the Sun 


by my Compaſs do riſe 33 d. 20 m.from the Feſt-point thereof 


towards the North, then may I be aſcertain'd that my Compaſs 
hath no Yarzation, but that the Fly or Fires do point directly 
North and South. -———But finding before-hand the Amplitude 
tobe 33 d. 20 m. andT ſhould find the Sun to riſe but 28 degr. 
from the Eaſt-point of my Compaſs, then ſubſtracting 28 degr. 
from 33 degr. 20 min. the difference is 5 degr. 20 min. and fo 


much doth my Compaſs varie from the true Eaſi-point,and con- 


ſequently all the other Points of the Compaſs as much. 

Now to find which way the Compaſs varieth , you muſt ob- 
ſerve whether your Aplitude, found by your Calculation, be 
to the Right or Lefi-hand of the - s riſing or ſetting. And 


if 


: 4: 

1 
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it 1t be on the Right-hand, you may conclude the Yariation to 
be Eafterly ; but if on the Left-hand, Weſterly. 

As for Example; Finding by the Amplitude that the Stn 
ſhould riſe 33 d. 20 min. from the Eaſt Northerly, when I come 
to ſet my Compaſs to the Sun at his riſizg, I find that the Sun 
riſeth but 28 degr.from the Eaſt Northerly 3 wherefore the Am- 
plitude found 1s on the Lef}-hand, and fo I conclude the Yaria- 
tion tobe 5 d. 20 min. Weſterly. 


Il. 7o find the Variation-by the Azimuth. 


Uppole the Sun's Az;-zuth found by the Eleventh Propoſeti- 

on to be 107 degr. 3o min. from-the North, and when 1 ſet 

the Compaſs, I find the Magretirall Azimuth to be 1502, the dit- 

ference between the rue and the Magneticall Azimuth being 
5 d. 30 m. which is the Yariatior. 

Now to. know whether this Yariatzon be towards the Eaſt 
or towards the Weſt : ſeeing by the 4zimnth found the Sun 
ſhould have been 107 d. 3o min. from the North, which 1s 
17 degr. 30 min.. from the Eaſt; but ſetting of the. Su with 
my Compaſs, I find that it was from the Eaſt to the Southward 
onely 12 degr. ſo. that the Degree upon which the Sun ſhould 
have been was more towards the Right-hand then the Degree 
on which it was3 _ therefore I conclude the Yariation to be 
5 degr.. Zo min. Eafterly. 
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PROPOSITIONS 


GEOGRAPHICALL, 


Shewing how the Diſtance of any two Places upon the 
Terreſtriall Globe may be found, both by Trigono- 
metricall Calculation and Geometricall Projetion, 


—_— 


_ The Eighth EXERCISE. 


—__ —_—__— 


— 


dA FEfore 1 come to ſhew how the Diſtances of 
> Places are to be found pon the Terreſtri- 
2=& all Globe, zt will be neceſſary, firſt, to de- 
CO ſcribe unto 'youthe manner how any two Pla- 

)/ ces, whoſe Longitudes and Latitudes are 
SI given, may belaid down upon the ProjeCti- 
R On. Wherefore in the Scheme, the outward 
Circle thereof, N & 8 x, repreſents the fir(t 
Meridian, paſſirg over the Iflands of Azores , from whence the 
Ancients did begin their account of Longitude , becauſe ( ſay 
ſome ) the Compals hath there no Variation. The Line # # 
zs the MquinocQtial , »poz which the Longitude is conmed fron 
the firſt Meridian. —The Circles NES, NAS,NCS, andNDsS, 
are Circles of Longitude paſſing over ſeverall Places. The 
kſſer Circles E, C, D, and. are Circles or Parallels of Latitude. 


S" 2 — Tþe 


_— 

n_—_ 

- 
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1322 Propoſitions Geographical. 
——The Points *, *, *, &c. are ſeverall Places whoſe diſtance we 
are to find by the followingPropoſitions. —And the Points-©,0,0, 


&C. are the Poles of the Arches of great Circles which paſs through 
the reſpeFive Places whoſe diſtance is to be found. 


And here note, That the Circles of Longitude iz this Pro- 
jection are the ſame as the Azimuth Circles in the former Pro- 
jection 5 axd the Centres and Poles of them are found in the 
ſame manner. -— —Likewiſe, the Parallels of Latitude 7 this 
Scheme are the ſame with the Parallels or Circles of Altitude 
in the former Projeftion, and their Centres are found in the 
ſame manner as is before , inthe Deſcription of that Projection, 
preſcribed 3 and therefore it ſhall here need no more Precepts for its 
Delineation, but we will proceed to the Propoſitions which ſhew 
how to fiad the Dltance of Places. | 


PROP; E, 


Two Places which differ onely in Latitude, to find their 
Diſtance, 


N this Propoſition there are two Varieties. 

I. If both the Places lie under one and the ſame Meridia, 
and on one and the ſame Side of the. Z#quirodGial, either on 
the North or South Side thereof , then ſ#bſtra@ the leſſer Lati- 
tude from the greater, and the Difference converred into 
Miles ( by allowing 60 Ales to one Degree) ſhall give you the 
Diſtance. 

Example. London and Ribadzo lie both under one Meridian, 
namely of 20 degr. of Longitude 3 but they differ in Latitude, 
| for London hath 519. 3o min. and Ribadio hath Latitude 43 d. 
_ ” both North; thedifference of Latitude js 8 degr. 30-m. which 
being turned into Miles makes 510 miles. 


2. If the two Places lie under one and the ſame Meridian 
2 TT ut 
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but one on the North, and the other on the Soxth-iide of the 


Zquino@#ial, adde both. the Latitudes together , the Sum 15 
the Diſtance.. 


Lo 


dv) 


Example. Zondox and the Ifland Triſtay Dacunhy lie both. 
ander one Meridian 3 but Londonhath 51 degr, 30 min. North: 
Latitude, andthe Iſland hath 34 d. South Latitude : their Sum- - 
1585 degr. 30 min. which converted into Miles (by dividing. 

S. 3 the.. 
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the Degrees by 60. and allowing for every Minute one Mile ) 


makes 5130 miles. And ſuch 1sthe diſtance of Lozdox and the 
Ifland Triſtar Dacunhr. 


To find the diſtance of theſe Places uponthe Proje@ion. 


Seeing that they all lie under one Meridian, namely, NE G 
HS, find the Polethereof at K 3 then lay a Ruler to K and E.it 
will cut the.firft Meridian in 43alſo a-Ruler laid from K to G will 
cut the Meridian in b : the diſtance a b,meaſured uponthe Line 
of Chords, will give8 degr. 30-min. the Diftance of L o-dow 
and Ribadis. Again, [to find the Diſtance between London 
and the Ifland Tr:ſt#a» Dacunhs, lay a Ruler from K to E, it 
- will cut the firſt-Meridian 1n 4,(as before)and'laid from K to H. 
It will cut the firſt Meridianin'c.: the Diftance a c, being mea- 
| ſured upon the Line of Chords;: will contain 85 degr. 3o m. 
the Diftance between Loxdon andthe Iihnd, which in Miles 
Is 5130, -. CE, V7 HR 


Two Places which differ onely in Longitude, to find their 


_ Diſtance, 


IN this Propoſition there are two Varieties alſo. For 
1. Thetwo Places may lie both under the ZquinoG1al , 
and have no Latitxde : 1n this Caſe the difference of their Lon- 
gitades (if it beleſs then 180 degr.) reduced into Miles is their 
Diſtance 3 butif their difference exceed 180 degr. take it out 
of 360 degr. the remaining Degrees turned into Miles will be 
the Diſtance of the two Places. | 
Example. The Ifland Sumatra and the IHland of 8. Thoma lie 
both under the ZquinoF7al, the Ifland of $. Thoma having 
33 d. 10 m. of Longitude, and the Iſland Swmatra 137 d. 1o m. 
Theleſler Longitude taken from the greater leaves 104 oN wn 
| W 
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which converted into Miles is 6240. And that is the Diſtance. 
of the two. If{lands.. 


2, Butif the two Places difter onely in Longitude; and lie 
not under the #quinoGi.4, but under lome other intermediate: 
Parallel of Latitude, between the Zquino@ial and one of the- 
Poles, then to find their Diſtance, this is 


The 


| 
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The Analogie or Proportion. 


As the Radius go degr. is to the Co-line of the common Lati- 
tude 47 degr. | 

So is the Sine of half the difterence of Longitude 21d. 37 m. 
to the Sine of half their Diſtance.15-degr. 383 m. 


Solet the two Places be - the: Cities 'Conſtartinople and Com- 
poſtella, both lying inthe Latitude of 43 degr. but they ditfer 
in Longitude.43 degr. 15 min. So that their Diſtance accor- 
ding to the former Analogie-will be found to be 31 degr.16 m. 
-which, converted into Miles, is 1876 miles, which is the Di- 
| ſtance between the two Cities Conſtantinople and Compoſtella. 


To fnd the:Diſtance of theſe two Places upon the Proje@ion. 


The two Places upon the ProjeFion are noted with the 
Letters C andD, both lying in the Latitude of 43 degr. but 
-Conſtantinople in the Longitude of 63 degr. and Compo- 
fella inthe Longitude of 106d. 15 min. So that their diffe- 
-rence of Loneitudeis 43 degr. 15 min. Wherefore through the 
two Places C and D drawthe Archof a great Circle, and find 
the 'Pole thereof 5 ( which to effe& is already taught at the 
beginning of this Book : ) which Pole will be at the. Point 
M. Then laying a Ruler upon M and C, it will cut the firſt 
Meridian in the Point d; and laid from M to D, it will cut 
the firſt Meridian in e - the Diſtance between 4d and e, mea- 
ſured upon the Line of Chords , will be found to contain 
31 degr. 16 min. which, converted into Miles, giveth 1876, 
' the Diſtanee as before. 
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Proe, III, 


Two Places differing both in Longitude and Latitude 
being propoſed, to find their Diſtance, 


HERE are three Varieties contatned in this Propoſets- 
ON s For ME, | | | 

1, One of the Places may lie under the Zquino@ial, and 
have no Latitude 3 and the other under ſome Parallel of La- 
titnde, between the Zquino@ial and one of the Poles. For 
finding the Diſtance of Places that are ſo ſituate, this is 


- The Analogie or Proportion. 


Asthe Radius-9o degr. ts to the Co-ſine of the difference of 

_ Longitude 76 degr. 50 min. | E430 Tres 

So isthe Co-ſine of the Latitude given 38 degr. 3o min. to 
the. Co-line of the Diſtance required 52 degr. 41 min. 

- Thus ſuppoſe the two Placesto be thelfland of $.Thowwa, ly- 
ing under the ZquioGial inthe Longitude of 33 d. 10 m. and | 
London under the Parallel of 51 d. 3o m: of North Latitude, 
having 20degr. of Longitude, their Diſtance by the former 
Proportion will be found to be 52 degr. 41 min. which, con- 


verted into Miles , gives 3161 miles for their Diſtance. 


By the Projedion. ff 


The two Places upon the Projection are repreſented by the 
Letters A and E. The Point A lying under the #quinod@zal, and 
in 33 degr. Io min. of Longitude, repreſents the Iſland of 
8. Thoma; and the Point E, under the Parallel of 51 d. 3o m. 
North, and in Longitude 20 degr. repreſents Loxdor. 
Through the two Places A and E ( according to former Dire- 
_ tions) draw an Arch of a great Circle, and find the-Pole 
. thereof, which will be at che Point WY 'Rulerlaid to ae 
if —_ the 
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the Point E will cut the firſt Meridianin #5 and the Ruler 
being laid from L to A will cut the firſt Meridian in f: the Di- 
ſtance x f, being meaſured upon the Line of Chords, will 


be found to contain 52 degr. 41 min. as before, which un 
Miles 1s 3161, 
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», If both the Places propoſed ſhall be without the # " 
_veGial, but on one Side, either both towards the North, or 
Z | bath 
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both towards the Soxth, the finding of their Diſtance is by 
this 


Analogie or Proportion. 


(1.) As theRadius go degr.. is to the Co-ſine of the diffe- 
rence of Longitude 44 degr. 

So13 the Tangent of 38 degr. 2o min. to a fourth. Tangent 
28 degr. 55 min. which taken from the Complement of 
the Lat. of Jernſalem 58 degr, 20 min. leaves 29d. 25 m. 

(2.) As the Co-ſineof the fourth Tangent 61 degr, 35 min. 
Isto the Co-ſine of 60 degr. 35 min. 

Sois the Co-ſine of the Latitude of Lowdon 33 degr. 30 min. 
to the Co-fine of the Diſtance 51 degr. 9 min. 

So the two Places propounded being Londow, lying in North 
Latitude 51 degr. 3o min. and Longitude 20 degr. and the 
other, Jeruſalem, lying in North Latitude alſo 31 degr. 40 min. 
and Longitude 66 degr. you may find their Diſtance by the 


foregoing Analogie to be 38 degr. 51 min. which in Miles | 


makes 2331. 


By the Projedion. 


The two Places in the Projettion are repreſented by the 


Letters Eand F, E being Londox, F Jeruſalem; through 
which Points draw the Arch of a great Circle, and find its 
Pole : the Circle (inthis Example) comes ſo near a right. Line; 
that IT have ſodrawn it; and therefore his Pole is but little 
within the outward Circle, viz. at P. Wherefore lay a Ruler 
to P and, it will cut the firſt Meridianin g3 and being laid 
fromPtoF, it will cut the Meridian in h - the Diſtance & þ, 
being meaſured upon the Line of Chords, will be found to con: 
tain 38 degp 51 min. andin Miles 2331, as before. 


3. Thetwo Places propounded may be ſo ſituate, that one 
of them may lie on the North, and the other on the 80nth-ſide 
of the ZquizoTtial. For finding the Diſtance of ſuch Places 
follow this T 2 Ana- 
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Analogie or - Proportion. 


(1.) As the Radius 9o degr.. is tothe Co-fine of: the difference 


of Longitude: 40 degr.. 
So 1s the Co-tangent of the greater Latitude 50 d. to-the-T an-. 
gent of a fourth Arch 37 d. 10m. which being ſubſtracted 
out of the other Latitude, and yo d..added thereto, fay,, 
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(2.)" As the Co-fine of the Arch found 52 degr.. 50 min. is: 
to the Co-ſine of the Arch remaining 52 degr..50 min. 

Sols the Co-ſ\ine of the Latitude fir(t taken.50 degr. oo min. 
to the Co-fine of the Diſtance 40 degr. which taken from 
I8o degr. there remains 140 degr. for the Diſtance of the 

__ twoPlaces. 

Sa the two Places propounded being the Cape of &ood hope, 
lying in the Latitude of: 40 degr. South, and Longitude 50 d. 
and the other Place Malibrigo:, lying in26 depgr..of North .La- 
titude, and in 180 degr. of Longitude, you may find their D1-- 
ſtance by the foregoing Analogie to be 140 degr. which, con-- 
verted into Miles, make 8400. And {uch is the Diſtance of the. 
two Places. 


By: the Proje ion. 


In-the Projection the two Places are repreſented by the Let-- 
ters-T and V ; the Letter. V repreſenting the Gape of Good hope, 
and T Malibrigo. Now Mabibrieo having 180 degr.of Longi- 
tude, (which is juſt half the Circumference of the Z#quino@ial, 
and is as far remote as any Place can be from the firſt Meridi- 
an; for if you were to project any Place having above 180 d. . 
Longitude, ( as ſuppoſe 230 degr. ) you mult fubſtract ſuch. 
Longitude from 360 degr. and project the remainerz ſo: 
230 degr. being taken from 360 degr. leaves-130 degr; which 
mult be projected in ſtead of 230 degr. and by this means- 
It4s that 2/alibrigo 1s projected upon the outermoſt Circle or: 
firſt Meridian ) | 

Through theſe two Points T and V draw the Arch ofa great: 
Circle,T V X, and find its Pole at R: then a Ruler laid at R and 
the Point V will cut the firſt Meridian in k, and I 4, being - 
meaſured upon your Line.of Chords, will be. found to contain - 
I40d. and that is their Diſtance,which in Miles maketh 8400. - 


Theſe are all the Varieties of Poſitions of Places pon the- 


Terreſtriall Globe 3 for no two Places ( whoſe Diſtance can be 
| E:23, re» - 
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required.) can be propoſed, but they muſt fall under oxe or other of 

the Varieties contained in ſome of theſe three Propoſitions. And 

note that this way of finding the Diſtance of Places is the moſt 

abſolute awd exaCt of any other. And what is here ſaid con- 

cerning finding theſe Diſtances the ingenious may apply to Cir- 
w 


cular Sailing, of «ll- other waies the moſs perfe@ © which I fhall 


leave to the induſtrious Sea-man to find out of himſelf, till Tpre- 
ſent him with ſomething of that kind : in the mean time let hint 
make uſe of the foregoing EXER CISES, and this which 


follows. 


The Doerine of 
 RIGHT-LINED TRIANGLES 
applied to Practice in +4 


NAVIGATION: 
W hereby - 


Sundry Nauticall Queſtions are reſolved; and many 

| Problems of Sailing, both by the Plain and Merca- 

tor's Chart, performed by ProtraGion, by Calculati- 
9N, andalſo wrought upen the Chart it lelt. 


—_— _—_ _—— A ”_— Cs 
— 


Th Ninh Exrncis, 


SECTION [|, 


==> Efore I come to the Reſolving of ſuch Problems 
VI, as principally appertain to Navigation, which 
DI | are ſuch as concern Longitude, Latitude, Rhumb 


| === | plain Triangles may be made applicable to the ta- 
king of Heights and Diſtances, and ſo (in the firſt place ) pro- 
poſe and work ſeverall Nauticall Queſtions, whigh to the indu- 


ſtrious 


and Diſtance 3 I ſhall ſhew how the Solution of 


* Eres -- inn EEOC EE ” - : wo — - -— -- . - —ZIES. LES - EE _ - —_— _ —_ oy 2 . o—_ aw 
: c -——— gn _ - - - . EEE ro SF i A, rag: = , OED te - ——_—_— A A hon OEM tim ERS 2p —— 
= . - - —_ . . _— . - —_ ” —_ ————_ - _ 4 - —_ _ -N— ——_— > _— KANSAS j- on S -- l <= S Y = 0 A rEN _— ., -_ ” . OY = -*> - nies _ ad i 
Woes. — - == — moon out - . - ——_ III "=D : —_ =; CID v- TD. == "3 Jef = Eng = £2 — . — cam. "#2 "i 
— = — gang 2 = _ _ -” a ew vs < 4 Þ CI - ——— 2 _- Why _ ” —_ ' _ <_—_—_— ed 7 —ARLCS "> = Ee — = -- be 
>> _ - _ = = w—__ nog - boot . Z peg - a — - _——_ E ES , gr oe __ Sort = 
SO— =_s _—_ = = g 2.35 a eb Io A ACAD. 22S P 2x = ——_ mr 
- i pms p —_ ——_—_— cs —_ at -——_— ? CDI Ie le. er 4 - _ 
wy $ a. "ASS Ine mo - = - — S. E: - Orang nts —— —— _  ——— DIS 
7 I e**)/> 0h. —_— _— h—_ > _ -— - —_— _ _ _ — -— _—_ = TI / AoC areas _ — CE ——_ 
_— #58 "> _ __ 


——_— RY 
= nom—mm = 

= _ 

i py 


Lou Ry EYE WT; 
- —_— ” 
m_ p<} - Bs -> 4 ——_ 
— IIS Wheedyon gs 


TA4. Nauticall Queſtions. 
-ſirious Mariner will be both delightfull and profitable , aud 
give occaſion to him to invent and put in PraGice others of his 


-0wn contuvance. 


QuesT1oN 1. 


There are two Ships ſet ſail-from the Port 4, the one ſaileth di- 
rely North 24 Centeſms, ( or 4 Leagues and 7 parts of a 
League, and the other direfly Eaſt 32 Centeſins, (or 6 + 
Leagues3 ) T demand hew the two Ships bear one from 


 the-other, and alſo how far they are aſunder. 


RAW atightLine AB, and upon A raiſe the Perpen: 
dicular A C: let the Point Artepreſent the Port from 
whence the two Ships ſet ſail : then , becauſe the firſt Ship 


I wſ97u2) +7 


Al __6F Leagus 


failed 24 Centeſms North, from a Scale of equal parts take 
24 Cent. and ſet them from AtoC 3 ſo ſhall C be the place 
of the firſt Ship. Then, becauſe the other Ship failed diredly 


Eaſt, 
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_ Faſt, which is a Qfrtadrant or Quarter of the Compaſs diſtant 
from the North, therefore the Angle at A mult be a right 
Angle: And becauſe the ſecond Ship failed Eaft 32 Cent. take 
32 Cent. from the ſame Line of equal parts, and ſet them 
upon the Line A B, from A unto Bz ſo ſhall Bbe theplace of 
the ſecond Ship. Is 
Now firſt, To know how theſe two Ships bear one from a- 
nother, Draw the Line C B, and meaſure the Quantity of the 
Angle at B, which you ſhall find to be 33 degr. 45 min. which 
is three Points from the Weſt Northerly, that is the N. W, 
by Weſt Point of the Compals3 and fo doth the ſecond Ship + 
B bear from the firſt Ship C. -Again , find the quantity 
of the Angle at C, which you ſhall find to be 56: degr. 15m. 
which 1s five Points from the South Eaſterly, that is theS. E. 
by Eaſt Point of the Compaſs 3- and ſo \do the two Ships bear 
one from the other.- —T hen for the Diſtance that the two 
Ships are from each other, Take in your Compaſles the di- 
ſtance between B and C, which meaſure upon your Scale of 
equal parts, and you ſhall find it-to contain 40 Centeſms or 8. 
Leagues 5 and fo far aſunder are the two Ships B and C. 


The Bearing of the Ships ane from the other is found by 
the firſt Cafe of Right-angled plain Triangles by this Ana- 
logie. 

As the Diſtance that the firſt Ship ſailed is to the Diſtance that 
the ſecond Ship failed 3 | 
So is the Radius to the Tangent of the Angle that the firſt "WA 

Ship bears to the ſecond. The Complement whereof is 'Al 

the bearing of the ſecond Ship to the firſt. , "g 

The Diſtance of theShips from each other is found by the 


ſeventh Caſe, by the plovng Analogie. Having found the 
Angle C, the. bearing of the firſt Ship from the ſecond, ſay, 


As the Bearing of the firſt Ship is to the Diſtance that the ſe- 
V 


cond Ship failed 3 


So 
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So is the: Radius' to the Diſtance of the two Ships. 


QuzsT. i. 


A Ship at 4 diſcovers an Iſland at C, lying from her dire&ly 
Eaſt, but ſhe ſails from A towards B 32 Cent. or 6 3 Leagues 
dire@ly South 3 but her Compaſs coming to ſome miſchance , 
that uſe cannot be made of it, ſhe again at B diſcovers the 
ſame Iſland, and ſails upon an unknown: Point of the Compaſs 
direFly upon the Iſland, and touches upon it , having ſailed 
8 Leagues. —T demand upon what Point of the Compaſs the 
Ship ſailed from Bto C, and alſo how far off the Iſland was 
from A, where it was firſt diſcovered. 


R AW a Line CA, repreſenting a Line of Eaſt and 
' Weſt, and upon A. ereCft a Perpendicular A B, and from 
AtoB ſet off 32 Cent. or 6 3 Leagues, the diſtance that the 
Ship ſailed from A to.B. Then take out of your Scale of equal. 


TrferbsD +7 


'” 


c 
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parts 40 Cent. or 8 Leagues, the diſtance thatthe Ship ſailed 
from Bto the I{land 3 and ſetting one foot of the Compaſles 
in B, with the other deforibe an obſcure Arch of a Circle 
11, Croſlingthe Eaſt and Weſt Line in C : ſos C the place 
of the I{land. 

Now firſt, to find upon what Point of the Compaſs the 
Ship failed from B to the Ifland, you mult find the quantity 
of the Angle at B, (either by your Line of Chords, or Pro- 
tracting Quadrant,) and you ſhall find itto contain 33 degr. 
45 min. which is three Points from the North Eaſterly, that 
is N. E. by N.' andupon that Point did the Ship fail from B 
to the Ifland at C. Then, to know how far the Ifland C 
was from A, where it was firſt diſcovered, Take in your Com- 
paſles the length of the Line AC, and meaſureit upon your 


Scale ſo ſhall you find that to contain 24 Cent. or $ Leagues : 
and ſo far diſtant was the Iſland from A. 


The Point of the Compaſs that the Ship ſailed upon Gi 
Bto C may be found by the ſecond Cale of Right-angled plain 
Triangles, by this Analogie. 

As the Diſtance which the Ship ſailed from Bto C is to the | 
| Radius; 
So isthe Diſtance ſailed between A and B to the Eo-ſine of 

the Point that the Ship failed upon from B to C. 


The Diſtance that the Ship was from the Iſland, when firſt 
diſcovered, may be found by the fifth Cale of Right-angled 
plain Triangles, by the following Analogie.  _ . 

(1) = the Diſtance that the Ship ſailed from B to Ci 1s to the 
Radius z I 
So Is the Diſtance that the Ship failed from A to B to the bear- 
Ing of thelſland from B. 
(2; 2 y the Radius is to the Diſtance that the Ship ſailed from 
toB; 
$0 is the Sine of the Rhumb that the Ship ſailed u pon from o | 
to C to. the Niſtance of the Ifland from A:: - BD 
V > QUEST. 
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Quesr, 1, 


There are two Ports at Aand B which are diſtant 6 + Leagues, 
and lie direGly North and South of each other 5 from whence 
two Ships ſet. ſail, both for the Port C': the Ship at B ſails 
away upon a South-IW. by South Point, and the. Ship at A ſails 
diretly Weſt. —I demand how many Leagues either of the 
Ships had ſailed when they met at the Port C, and. alſo how the 
Port C did bear from that at B. 


TR AW a right Line A B, and upon 1t ſet off 32 Cen- 


_# teſins, or 6 # Leagues. Now becauſe the Ship at B 
Keered a.S. W. by $. Courſe, which is three Points trom the 


32 Centeſms > | ""_ 


South-Weſterly, therefore upon the Point B protract an An- 


gle of 33 degr. 45 min. and,draw the Line B C. 


Fhen, 


becauſe the Ship at A ſteered: a Weſterly Courſe, which is a 
Quarter from the North, upon the Point A protract an Angle | 


'0\o 
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of go degr..and draw the Line A C, cutting the former Line 
B C in C._——— Now to know how many Leagues eachi Ship: 
ſailed, take in;your Compatkes the length of the Line B C, and- 
meaſuring it upon your Scale, you ſhall find it to contain eight 
Leagues 3 and ſo many did the Ship that came from B ail. 
Alſo take the length of the Line A C in your Compaſſes, and 
meaſuring that upon your Scale, it will be found to contain 
24 Centeſm. or 47 Leagues and ſo much did the Ship that- 
came from A.fail Now to-know how the Port at C- did 
bear. from that. at B, find the quantity. of the Angle at C,, 
which you ſhall find to be 56 degr. 15 min. thatis, five Points: 
from the Eaſt Northerly, namely, N. E, by N. and ſodid the: 


Port C bear from B.. 


The finding of the Diſtance'that each Ship failed may be 
done by the third Caſe of Right-angled plain Triangles by. 
this Analogle. © 1} progres Wh; 
As the Diſtance of the two Ports A and'B is to the bearing of. 

the Port: C from-B ;. ; 

Sois the Sine of theR humb that the Ship failed upon from B: 
' toC to the Diſtance that the Ship ſailed from A to C; 


And ſo isthe Radius tothe number. of Leagues that the Ship: 
{ailed from B, to C. | 


QUE 5, IV. 


A Ship at C diſcovers a Point of Land at A bearing from ber 
S. S.E..but ſhe ſhapes a Courſe E. by S. and ſails away 8 
Leagues to B, andat B. ſhe diſcovers the ſame Point of Land 


bearing from her WS. W.——-I demand how far the Ship was 
_ from Land being at C and B, | 


RAW a Line C B containing 40 Cent. or 8 Leagues,and 
upon C protract an Angle of 56 degr. 15 min. or five 
Points, which 1s. the difference the Point of Land did bear 
Ss V- 3: from: 
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fromthe Ship being at C, and the Point upon which he ſailed 
fomCtoB3 and draw a right Line CA. Then upon 
the Point B protra&t an Angle of 33 degr. 45 min. which is 
the difference of the Ship's bearing from C and A, ſhe being 
.at B, namely, W. S.W. and draw the Line B A, cutting the 
Line CA, beforedrawn, in. 

Now to find how far the Ship was from Land being at C, 
meaſure the Line CA upon your Scale of equal parts, and 
you ſhall find jt tocontain 24. Centeſms, or 4 z Leagues: and 
ſo far was the Ship from the Land, when ſhe was at C. Alſo 
meaſure the length of the Line B A, and you ſhall find that 
to contain 32 Cent. or 6 Leagues : and fo far from Land was 
the Ship being at B. 


To find theſe Diſtances by the Canon of Sines and Table | 
of Logar. you may doe it by the fourth Caſe of Right-angled 


"Triangles, by this Analogie. 


As the Radius is tothe Diſtance that the . Ship ſailed from C 
toB3 
So is the Bearing of the Ship, being at C, to her Diſtanee 
from Land, being at B. : 
s/n Or, 


- The Bearing of the Sip , ſhe being at B, to her Diſtance 
from Land at C. | 


QUEST, IF: 


A Ship being at A diſcovers two other Ships at C and B; the 

Ship at E bears from her dire@ly Eaſt, and the other Ship at 

B bears from her direFly South. The Ship at 4 ſails direGly 

South 32 Cent. to B, and being at B, fteers away upon an un- 

hnown Courſe to C 40 Cent. or 8 Leagnes.—T demand upon 

what Point the Ship ſailed from B to C, —and alſo how far C 
3s diftant from A. | 


Draw 
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R AW aright Line AB, for.the bearing of the Ship B 
from the Ship A, which was-dire& South. Alſo from 
A draw another Line A C, for the bearing of the Ship C from 
the Ship A, which was direQly Eaſt. Now becauſe between 
the South and the Eaſt: is 9o degr. or one Quarter of the 
Compaſs, therefore upon. the Point A protract an Angle of 
90 degr. drawing the Lines AC and AB at right Angles. 
This done, take 32: Cent. out.of your Scale of: equal parts, 
which is the diſtance that the Ship ſatled South from. A:to B.. 
Then take from the ſame Scale 40 Cent. which is.the diſtance 
that the Ship ſailed from B to Cupon an unknown Point. And. 
with this diſtance,ſetting one foot of the Compaſles.in B, with 
the other deſcribe an oblcure Arch of a Circle zz», cutting 
the Line A C in the Point C, and draw the Line CB.—Now 
to find upon what Point of the Compals the Ship ſailed from 
Bto C, find the quantity of the Angle at B, which you ſhall: 
find to contain 33 degr. 45 min. thatis three Points from the 
North Eaſterly, namely, N. E. by N.. and upon that. Point did. 
the Ship fail from Bto C.—Fhento find how far Cis diſtant. 
from A, Take the Line C A in your Compaſles, and meaſuring 
it upon your Scale, you ſhall find it to-.contain 24 Cent. or 4.7 
Leagues: and ſo far is C.diftant from A. 
The Point upon which the Ship failed from Þ to C 'may. be 
found by the ſecond Caſe. of. Right-angled Triangles,. by this 
Analogie, - Ee 
As-the Diſtance that the Ship ſailed from B to'C is tothe Ra- 
Sois the Diſtance that the Ship: ſaled-from. A to B tothe Co+ 
___ſ(meof the Rhumb fromthe Meridian.” | f /2 


Then for the Diſtance of C from 4. 


As the Radius is to the Diſtance, that the. Ship ſaited From 1 
to C3 | b * LA LDR bd et has Tv; 


: 


= | $o-, 
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S015 theRhumb from the Meridian that the Ship failed upon 
from Bto C to the Diſtance of C'A. 


Que 5T. IT: 


-Two Iſlands at A and C are diſcovered by a Ship at B, the Iſland 
A bears from the Ship at B N. N. W. andthe Iſland atC bears 
N. by E. from B3 the Ship being at B ſails away N. N.IWW. to 

the Iſland 4, and' having ſailed 32 Cent. touches upon the 

 Thhand, ani beins there findes that the Iſland C bears from 
the Iſland A E. N. E.-—T demand how far the Ship at B 
was from the Iſland C , and alſo how far the two Iſlands 
were dſunder. | 


RAW alLline AB, andupon it ſet 32 Cent. which is 

the Diſtance that the Ship ſailed from B to the Iſland at 

A. Andbecauſe the Ifland A did bear from B N. N. W. and 

the I{land at C N. by E. which are three Points, or 33 degr. 

45 min. aſunder, upon the Point B protraGt an Angle of 33 d. 

45 min. and draw the Line B C. —Then becauſe the Ifland at 

C bears from the Ifland at A E, N. E. which is eight 

Points, or 9o degr. from N. N. W. upon the Point A pro- 

tract an Angle of 90 degr. anddraw the Line A C, cutting 
the LineB C in C. 

Now to. find the Diſtance of the Ship being 'at B from the 
Ifland C, take the Line C B in your Compaſtes, and applying 
it toyour Scale, yon ſhall find it to contain 4o Cent. or 8 
Leagues; and fo far was the Ship at B from the Iſland at C. 
And to find the Diſtance of the lands one from the other. 
take C Ain your Compaſles, and meaſure it upon your Scale, 
you ſhall find it to contain 24 Cent. or 4 # Leagues; and fo far 
diſtant were the I{lands one from the other. 


TheiDiſtance from A to C may be found by theſixth Caſe 
| of Right-angled plain Triangles, by this Analogte. 
As 
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As the Co-ſine of the Rbumb that the Ship failed upon 
from B to A is to the Diſtance that the Ship ſailed from B 
toAz3 


So is the Radius to the Diſtance of the Ship at B from the 
I{land at C. 


Then for the Diſtance of the two Iſlands, by the fourth 


Caſe fay, 


As the Radius is to the DiſtanceCB ; 

So isthe Sine of the Difterence between the bearing of the 
two l{lands from B to the Diſtance of the two Iilands C 
and A. 


QuesrT; VII, 


Two Ships ſet out from one and the ſame Port A; the Ship C 
ſails 24 Cent.or 4 4 Leagues direFly Eaſt, and the Ship B ſails 
away 32 Cent. or 6 ; Leagues diretly South — —When they 
have thus ſailed, I demand how far the two Ships are from 
each other. 


RAW a rightLine AB, and ſet off upon it 32 Cent. 
the Diſtance that the Ship ſailed from A to B South. 
—Then becauſe the other Ship ſailed dire&ly Eaſt, which is 
90 degr. from the South, upon the Point A ere the Perpen- 
dicular A C, and upon it ſet off 24 Cent. or 4 Leagues from 
Ato C, which was the Diſtance the other Ship ſailed Eaſt. 
Then draw the Line CB, which being taken in your 
Compaſſes, and meaſured upon your Scale, will be found to 
contain 46 Cent. or 8 Leagues. And ſo far are the two Ships 
from each other. | 


This Diſtance, by the ſeventh Caſe of Right-angled plain 
Triangles, may be found by this Analogie. 


(1.) As the Diſtance that the Ship ſailed from A to B isto the 
Diſtance that the Ship ſailed rom AtoC; 
RX $0 
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So is the: Radius to the Tangent of the Angle at B. 


(2.) As the Sine of the Angle at B is to. the Diſtance C A 
So 1s the Radius to the Diſtance CB. 


QOunrtsT;, YH. 


Two Ships ſet ſail from the Port at K:; the one ſails 3 +; 
Leagues upon the $. W. Point towards M, the other ſails 
& Leagues upon the Weſt Point. towards L.——TI demand how 
many Leagues the Ships at M and L are aſunder, and alſo: 
how the Ship at M-bears from the Port. K, and the other 
Ship at L.. 


RAW. aright Line K L, and by help of your Scale 
[) ſet off upon it 8 Leagues, the Diſtance that the Ship 
ailed from K to L upon the Weſt-Point. T hen becauſe the 
ather Ship ſailed 3 ,4z Leagues from K. towards. M. upon. the 


of 


$, W. Point, which is 45 degr. or 4.Points from the. Welt , 
therefore upon the Point K protrat an Angle of 45 degr.-. 
and draw the Line K M, ſetting off upon'it from K to M 
- 3 x23 Leagues, the Diſtance that the Ship ſailed from K to M, 
and draw the Line ML.. " 
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Now to know, Firſt, how far diſtant the Ships at M and L 
are from each other, take in your Compaſles the length of 


the Line M L, which apple to your Scale, and you ſhall find 


1t to contain 6 £3 Leagues.—And, Secondly, to find how the 
Ship at M bears from the PortK and the other Ship at L, you 
muſt find the quantity of the Angle at M, which you will find 
to be 112 degr. 3o min. that is, eleven Points. Now becauſe 
the Courſe from K to M was S. W. therefore the Ship at M 
bears from the Port K N.E. And ſeeing that the Angle at 
Mis 112 degr. 30 min. or eleven Points; therefore eleven 
Points counted from the N. E. Point is the Bearing of the 
Ship at M from that at L, which is W. N. W. 

The Diſtance of the Ships Mand L may be found by the 
fifth Caſe of Oblique-angled plain Trianglesz and the Bear- 
ings by the ſecond Caſe. 


QuesT, IX, 


There are three Ships, K, L, and 21: the Ship K is diſtant from the 
Ship L 8 Leagues; the Ship at L is diſtant from that at 14 
6 .$2 Leaguess and the Ship at M1 diſtant from that at K 3 42 
Leagues aud they lie direfly North and South. —T demand 
how the Ship at M bears to that at L, and how that at L bears 
to that at K. 


 TFNRAW a right Line, and out of your Scale take 8 
Leagues, and ſet them thereon from K to L, for the Di- 
{tance of the Ships at K and L. Thentake 3 ,33 Leagues, the 
Diſtance of the Ships K and M, out of your Scale 3 and ſetting 
one foot of the Compaſles in K, with the other deſcribe the 
obſcure Arch of a Circle oo. Again, take 6 ,£z Leagues from 
your Scale, which 1s the Diſtance that the Ship L was from 
the Ship M 3 and ſetting one foot of the Compaſles in L, with 
the other deſcribe the obſcure Arch of . Circle # x, croing 

| 2 tne 
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the former Archin the Point M. Then draw the Lines M K 
and M L; ſo have you their true Poſitions. 
Now to find their Bearing one from another ; foraſmuch as 
| the Ships M and K did lie North and South of each other, find 
the quantity of the Angle at M, which is 112 degr. 30 min. 
that is, eleven Points from the South Eaſtward, { or 3 Points 
from the Eaſt Northward, ) either of which will be the N.E. 
by E. Potnt: and ſo doth the Ship M bear from that at K. And 
for the Bearing of that atK from that at L, finde the quantity 
of the Angle at L, which will be 22 degr. 3o min. or two 
Points 3 ſo two Points from the S. W, by W. Point Southward. 
15S. W, by S. and ſo doth the Ship L bear to that at K. 


The Bearings of the Ships from each other may be found 
by the third Caſe of Oblique-angled plain Triangles. by the 


Analogie in that Caſe ſet down. 


Of Sailing by the 


P lai n Sea-Charrt. 


——— .. 


SECELON:. -H. 


=3 10 NG Sea-men there are Three principat 


my 
— 


waies of Sailing moſt in Uſe and Pradtice : 
Two whereof are ReCtilineal , performed by 
Right Lines, the Third is Sphericall or Cir- 
cular , performed. by Arches of great Cir- 
cles of the Sphere. 

Of the Twe firſt, the one is called Plain Sai- 
ling, or, Sailing by the Plain Sea: Chart. 
' The aker # called Mercator's Sailing, or, Sailing by Merca- 
tor's Chart. 

Theſe two Charts are both of them compoſed of Raght Lines, 
Jet differ both in their Conſtruction aud Ule, though not ſo 
much in their Uſe as in their making or compolition. 

The Plain Sea-Chart confiſteth of Meridians and Parallels , 
which are drawn it allparts equal from the XquinoGQtial towards 
either M4 the Poles 3 which is erroneons, as hereafter. ſhall be diſ- 
covere 


X.3. Mercator: s 
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Mercatoy's Chart hath the Degrees of Longitude 7 every 
Parallel of Latitude eqzal to thoſe in the Aquinoctial, as the 
Plain Chart hath: But the Degrees of Latitude do increaſe 
more and more (as they grow nearer the Poles) in ſuch-e Pro- 
portion as every Parallel of Longitude doth decreaſe. 

The way of Sailing by the Plain Sea-Chart 3s much innſe, nay 
too much, conſidering the Errours that it leads Sea-men into 3 
though they are not ſo eafily diſcovered in. ſhors as in long Vol- 
ages, ror in places near the AquinoGtial as thoſe nearer the 
Poles. But, I ſuppoſe, it is more uſed, for the eaſe there is in 
Projecting of this Chart, more then in that of Mercator's - other- 
wiſe I know not why that ſhould be ſo as it is embraced , and the 
other ( I mean that of Mercator's ) ſo much negleFed; which 
comes ſo near to the Spherical way of Sailing, that there is ar 
3nſenſible difference between them. But T ſhall bring them face 
to face, that the ingenious Sea-man may ſee their Difference, and 
thereby abandon Errour, and embrace the I ruth. For in the fol- 
lowing Problems T ſhall perform the lame thing by both Charts, 
by whichthe Errours may more palpably be diſcovered. And to 
retain the Method which I have obſerved in all the foregoing 
EXERCISES, 7 ſhall ſhew how theſe Nauticall Problems 
may be Trigonometrically performed by the Tables of Loga- 
rithms, azd Canons of Artificial Sines ayd Tangents. And to be- 
gin this Exerciſe, the firſt thing that IT ſhall propoſe unto you is 
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Sea-Chart may be made either gereral, or particular. A 
General Sea-Chart is that whoſe Degrees of Latitude pro- 

ceed from the Z#quinoGial to either Pole , which in the com- 
m0n Sea-Chart may be done 3 but it will be egregioully falſe, as 
the Degrees of Latitude grow nearer the Pole, as I have- al- 
ready declared. A Particular Sea-Chart is ſuch a one as 1s 
made properly tor one particular Navigation : as if Your 
* WILOIE 


60 degr.. of Latitude, and not to differ in Longitude above 
© degrees. 

Now to projed or #:ake {ſuch a Chart; Firſt,draw a right Line 
A B, repreſenting the Jeridiar, and croſs it at right Anglus 
in the Point A with another right Line A D, repretenting the 
Parallel. of your leaſt Latitade , namely , of 48 degr. k 
Secondly, conſider what Diſtance you will have your Para//els 


of Longitude and Latitude tobe, (for in this Ehart they are 


both equal,) whether an Inch, 2, 3, or 4. Inches, ( for the lar- 
ger the better.) But inthis Examplel have made them one- 
Iy half an Inch. I take therefore half an Inch out of an exact 


Scale,and runit-up upon the Aferidian Line A B, from Ato 49, 


from 49 to.50, from 50 to-51, &c. till I come to-my greateſt. 
Latitude, which 1s here ſuppoſed tobe 60 degr. 
run the ſame Diſtance of half an Inch from A towards D, upon. 
the Line A D,eight times, becauſe the Difference of Loxgitude 
in your whole Navigation will not exceed 8 degrees. - 


Fourthly, draw the Line CD, parallel to A B, and B C, par- 


allel to A D, and run the ſame Diſtances upon the Line B C 
as are upon the Line A D, and the fame upon C D as are upon 
the Line A B.- -Fifthly, from each Degree of Eatitnde 


in the Line A Bdraw to the like Degree of Latitwde in. the 
Line CD a right Line, as 49,49; 503503 51,513 52,523&C.. 


till you have drawn all your Parallels of Latitude. —Sixthly, 


for your Meridians, they are to be drawn 1n like manner as 


} 


were the Paralels of Latitude, all of them equidiſtant, and par-- 


allel to your firſt Meridian A B, as the Lines 1, 13 2, 23 3, 23 


&c. And by this means have you the AMerzdians and Parallels. 


drawn. - 


The grand Diviſions, or whole Degrees, being thus ſet upon 


your Chart, we now come to ſub-divide them. And for the 


dividing of the Degrees of the Zquino@ial at the top and 
bottom of your Chart, let eachof them be divided into 5 or 


IOparts, and each of thoſe parts. ſub-divided into 5 or 10 
az | more 
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whole Navigation were not to exceed the Latitudes of 43 and 


Thirdly, 
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more leſs parts , according as Quantity will permit 3 for eve- 
ry one of them is ſuppoſed to be divided into 100 or 1000 

arts. 

: For the dividing of the Degrees of Latitude; they may be di- 
vided as thoſe of Loxgitude were, into 100 parts. But ſome- 
times each Degree is ſubdivided into 60 Minutes, or Engliſh 
Miles, or into 20 Leagues. — Now I havedivided the Degrees 
of Latitude in this Charteach of them into 5 parts, by which 
means it is capable of the Nameration either by Miles, Leagues, 
Centeſms, or TOO parts. —For if you count by 60 minutes, 
or miles, then every of thoſe Diviſions will be 12 »#inutes, or 
miles if by 20 Leagues , then every Diviſion will contain 
4 Leagues ;, and if by Centeſms or 100 parts, then every of 
them Is 20 Cexteſms. And thus much concerning the Making 
or ProjeFing of this Chart. I now come to ſhew 
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HE Problems that are to be reſolved by (or upon) the 
Sea-Chart are chiefly ſuch as concern Longitude, Lati- 
tude, Rhumb or Courſe, and Diſtance. 

Longitude 7s the Diſtance of a Place from ſome known Meri- 
dian to that Place, and is alwaies counted upon the XquinoCtial. 
, Latitude 7s the Diſtance of any Place from the Mquinactial, 
counted upon that Meridian Circle which paſſeth over that Place. 

Rhumb or Courſe 3s the Angle that a Ship in his Sailing 
makes with the Meridian, and 7s diſcovered in the general by 
the Magneticall Needle, which alwaies reſþeFeth the North 5 
and (though not dire@ly, yet ) its Variation being often obſerved, 
and the Chart reFified thereby, ( as Thave before ſhewed how it 


may be done by ſeverall means ) is the beſt help that Navigators 
get have to ſteer their Courſe by. 


Lbance #7 52s awanper of Leagues, Miles, or Centelims, that 
any Ship hath ſailed. | 


Raiſing 
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Raiſing of the Pole is when 4 Ship ſails from a leſler to a 
greater Latitude. — | 
Deprefſling of the Pole is ſailing from a greater ts a leſſer 
Latitude. 
Theſe Terms thus explained, I will proceed to Prattice, 
as followeth. | 


FROBL.-: 1, 


How to ſet any Place upon your Chart according to its 
Longitude and Latitude, 


F the two Places lie under one and the ſame Parallel, dif- 
fering not at all in Latitude, but onely in Longitude, then 
the Courſe leading from the one to the other is diredtly Eaſt 
or Weſt. As E and F are two Placeslying under the Par- 
allel of 50 degr. of Latitude, and differ in Longitude 5; deg. 
Lay a Rulerto5 + degr. both atthe top and bottom of the 
Chord, and where the Ruler crofleth the Parallel of 50 degr. 
as atF, there is your other Place upon the Chart. So E and 
F lie in 50 degr. of Latitude, and differ in Longitude 5 : degr. 
But if the two Places to be ſet upon the Chart differ onely 
in Latitude, and lie under the ſame Meridian as G F, then the 
Courſe leading from the one to the other is diretly North or 
South, and the Difference of Latitude of F and G is 2 degr. 
G lying in the Latitude of 48 degr. and F inthe Latitnde of 
o degr. IS 

"oe # the Places to be ſet upon the Chart differ both 
in Longitude and Latitude, as A andF, then the Courle lea- 
ding from the one to the other is upon ſome other Point ofthe 
Compals, ſo far diſtant from the Meridian as 1s the quanti- 
ty of the AngleE AF, which here is 70 degr. 1 min. that 

is upon the E. N. E. Point 2 degr. 31 min. Eafferly. 
This Angle may be found either by ProtraCtion by your 
Line of Chords, or it may be protracted by your Protra@ing 
Y Puadrant, 
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Puadrant,which in all theſe Operations upon the Chart is beſt, 
for that it avoids the 
drawing of Arches of 
Circles upon your Chart 
or Blank. So then if you 
were to protract the 
Angle E A F by your 
Protralling Quadrant 3 
Lay the Centre A of 
your Quadrant upon the 
Point A 1n your Chart, 
and the Meridian Line 
of the Quadrant A B 
upon the Meridian Line 
of your Chart 3 then will 
' the Line A C of the 
Quadrant he upon the Parallel A D of your Chart: and the 
Angle that you are to-protract being 70 degr. 1 min. by the 
edge of your Quadrant make a ſmall Mark or Prick with your 
Needle, and from A through that Point draw a right Line, 
which will be the Line AF. 

Andin the ſame manner as you ſet any Place upon your 
Chart, you may find in what Latitudes and difference of Lon- 
gitude any Places already ſet upon your Chart are in. 


Pk OBL, IT. 


Apy Places being ſet upon the Chart, to find in what La- 
titudes they are, and alſo how they differ in Longitude, 


E T the Points Q. and R upon the Chart be two Places , 

F , and I would know in what Latitudes they he. Firſt , 
through the Point Q- draw a Line parallel tothe Line B C of 
your Chartz and alſo through the Point R draw another 
Line parallel to AC, The Line that is drawn Nioeg Q. 
| | | noots 


ſhoots upon the Latitude of 58 degr. 36 min. and the Line 
paſſing through R cuts the Meridian of the Chart on either 


{ide at the Latitude of 57 degr. 16 min. And under thoſe 


two Latitudes are the two Places Q andR. 

Then to find their Difference of Longitude 3 Takein your 
Compaſles the Diſtance between R and S, and meaſuring it 
upon the bottom of the Chart, it will reach from A to 4 degr. 
24 min. And ſuch is the Difference of Longitude of the two 
Places Q and R. | 


Pros. II. 


Having the Rhumb, and the Diſtance that the Ship hath 
 Tunupon that Rhumb, to find the Difference of Lon- 
gitude and Latitude. | 


The Analogie or Proportion. 


As the Radius 1s to the Diſtance run 3 

So is the Sine of the _—_ to the Difference of Longitude : 
Sits, An | 

Sois the Co-fine of the Rhumb to the Difference of Latitude. 


So the Rhumb being 70 degr. I min. that 1s E. N, E, 2 degr. 
3I min. Eaſterly, and the Diſtance run 117 Leagues, the Dit- 
ference of Longitude will be tound to be 5 x degr. and the 
Difference of Latitude 2 degr. 


Upon the Chart. 


PON the Point A protrat an Angle of 70d. I m, as 
the Angle E AF, and draw the Line AF, which is the 


Rhumb upon which the Ship ſailed. Upon this Line ſet 117,the 


number of Leagues that the Ship failed from Ato F. Then 
through the Point F draw the Line FE parallel to A D. So 
{hall E F be the Difference of Longitude, 5 d. and an half, and 
AE theDifference of Latitude, 2 degr. Eo 

Y 2 PROBL. 
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I64 


The Difference of Latitude and the Rhumb being g102n , 
to find the Diſtance run and the Difference of Lon- 
gitude. 


Asthe Co-ſine of the Rhumb is to the Diffe 
So is the Radius to the Diſtance run : 


So isthe Sineof the Rhumb tothe Difference of Longitude. 


So the one Latitude being 48 degr. and the other 50 degr.. 
the Difference is 2 degr. and the Rhumb being E. N. E. 2 deg. 
31 min. Eaſterly , the Diſtance run will be found to be 117 
Leagues, and the Ditierence of Longitude 5 z degr. 


NE T the Difference of Latitude 2 degr. from A to E, and 
') draw the Line E F parallel to A D. Then upon the Point 
A protraCt the Angle of the Rhumb 70 degr. 1 min. E. N. E. 
2 degr. 3I min. Eaſterly, and draw the Line A F, cutting the 
other Line EF inF.. Then taking in your Compaſles the 
length of the Line A F, and meaſuring it upon the fide of the 
Chart, you ſhall find it to contain 117 3 which is the number of 
Leagues the Ship ſailed : And the Line E F,being ſo meaſured, 
willcontain 5 # degr. the Difference of Longitude. 
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PROBL, IV, 


The Analogie or Proportion. 


And 


Upon the Chart. 


rence of Latitude 3 


 PxRoBL, 
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CTROBL, Y; 


Having the Difference of Longitude an1 the Rhumb gi. 
ven, to find theDiſtance run and Difference of Latitude. 


The Analogie or Proportion. 


As the Sine of the Rhumb is to the Difference of Longitude 3 
Sois the Radius to the Diftance run: 

And 
So is the Co-fine of theRhumb to the Difference of Latitude.. 


So the Rhumb being E. N.E. 2 degr. 31 min. Eaſterly , 
and the Difference of Longitude 5 = degr. the Diſtance run 
will be found to be 117 Leagues, and the Ditterence of La- 
titude 2 degr. 


Upon the Chart. 


PON the Point A protra& an Angle of the Rhumb 
A 70 deegr. I min. and draw the Line A F. Then the. 
Difference of Longitude being 5 + degr. count 5 :degr. upon 
the bottom of your Chart from A to G, and upon the Point 
G raiſe a Perpendicular G F, eutting the Line AF before 
drawninF. Then the Line AF, being meaſured upon the 
Side of your Chart, will be found to contain. 117 Leagues, 
the Diſtance run : And F G.,there alſo meaſured. will be found 
to be-2 degr.. the Ditterence of Latitude. 


Y 3 
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PROD, NT 


The Diſtance that the Ship hath run, and the Difference 
of Latitude, given, to find the Rhumb and ap 
of Longitude. 


The Amnalogie or Proportion. 


As the Diſtance run is to the Radius 5 

So is the Difference of Latitude to the Co-fine of the Rhumb: 
And 

So is the Sine of the Rhumb to the Difference of Longitude. 


$o thediſtance run being 117 Leagues, and the- Difference 
of Latitude being 2 degr. the Rhumb will be found to be E. 
N, E. 2 degr. 31 min. Laſterly, and the Dillexence of Lon- 
gitude 5 + degrees, | 


Upon the Chart. 


E T the Difference of Latitude 2 degr. upon your Chart 
from A toE, and draw the Line E F parallel to A B. 
Then out of the Side of your Chart take the Diſtance run , 

117 Leagues and ſetting one foot of the Compatiles m A, 

turn the other about till it croſs the Line EF, whichit will doe 
inF. Then F E, being meaſured upon the bottome of ' your 
Chart, will contain 5 x degr. the Difference of Longitude. 
And by your Line of Chords or ProtraGting Quadrant find the 
Quantity of the AngleE A F,which will be 70 degr. I min, the 
E. N. E. Point 2 degr. 31 min. Eaſterly. 


PrOBL., VII. 
The Diſtance that the Ship hath run, and the Difference 


of Longitude, being given, to find the Rhumb and 


Difference of Latitude. 


The Analogie or Proportion. 


As the Diſtance run is to the Radius; 
So is the Difference of Longitudeto.the Rhumb : 
| And 
So is the Co-fine of the Rhumb tothe Difference of Latitude. 


So the Difference of Longitude being 5 = degr. and the Dj- 
ſtance that the Ship hath run 117 Leagues 3 the Rhumb will 
be found to be E. N. E. 2 degr. 31 min. Eaſterly, and the 
Difference of Latitude 2 degr. 


Upon the Chart. 


NOUN TT the Difference of Longitude upon the bot- 
tome of the Chart from A to G, and upon the Point G 
raiſe the Perpendicular GF, Then take outof the Side of 
your Chart the Diſtance run, 117 Leagues, and ſetting one 
foot of the Compaſles in A, with-the other croſs the Perpen- 
dicular F G in the Point F. Now if you take F G in your 
Compaſſes, and meaſure it on the Side of your Chart, you ſhall 
find it to contain 2 degr. for the Difference of Latitude 3. and 


the Angle E A F,being meaſured by your Chord or Quadrant, 
will be 70deegr. I min. that is the E, N..E. Point 2 d. 31 m.. 


Eaſterly for the Rhumb.. 


ProBL. 
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ProBL, VIIT, 


The Difference of Longitude and Difference of Lavitude 
being given, to find the Rhumb and the Diſtance run, 


The Amalogie or Proportion. 


As the Difference of Latitude is to the Radius 3. 
So is the Difference of Longitude to the Tangent of the 
R humb: 
And 
As the Sine of the Rhumb isto the Difference of Longitude 3 
So ts the Radius tothe Diſtance run. 


So the Difference of Longitude being 5 + degr. and the 
Difference of Latitude 2 degr. the Rhumb will be found to 
be E.N. E. 2 degr. 31 min. Eaſterly, and the Diſtanceupon 
the Rhumb 117 Leagues. 


Upon the Chart. 


NOUNT the Difference of Latitude from A toE, and 

_ drawtke LineEF parallelto A D. Alſo count the Dit- 
ference of Longitude from A. to G, and upon the Point G 
raile the Perpendicular G F, cutting the Line EF 1n the Point 
_ F. Thentake in your Compaſles the length of the Line AF, 
and meaſuring it upon the Side of the Chart, you ſhall fand it 
to contain 117 Leagues, the Diſtance that the Ship hath run. 
Andif by your Lineof Chords, or Quadrant, you find the 
Quantity of the Angle EAF, it will bethe Rhumb , which 
you may kind to be E. N. E. 2 degr. 31 min. Eaſterly , or 
70 degr. I min. 
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PrRoBLt, IX, 


169 - 


The Rhumb that a Ship hath ſailed upon, and the num- 
ber of Leagues ſhe hath ſailed upon that Rhumb, being 


given, to know how much ſhe hath raiſed or depreſſed 


the Pole. 


The Analogie or Proportion. 


As the Radius is to the Diſtance run 


So is the Co-fine of the Rhumb from the Meridian to the 


Difference of both Latitudes. 


So the Rhumb being E. N. E. 2 degr. 31 min. Eaſterly, that 
is, 70degr. I min. and the Diſtance that the Ship hath failed 


upon that Rhumb 117 Leagues, the Pole will be found to be 


raiſed 2 degr. 


Upon the Chart. 


PON the Point A, the lefſer Latitude, protra& an 
Angle 'of 70 degr. 1 min. and draw the Line of the 


Rhumb A F, and out of the Side of your Chart take 117 
Leagues, (the Diſtance the Ship failed ) and ſet them upon 
the Rhumb from AtoF. Then through the Point F draw 
the Line EF parallelto AD, cutting the Meridianof your 


raiſed the Pole 2 degrees. 


Chart in E, which is 2 degr. from A; fo that the Ship hath 


ProgpL, 
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PkodLi; x; 


The Longitude and Latitude of the Place from whence 

you care, witÞ the Rhumb and- Diſtance. ſailed, be- 
ng given , to find the Longitude and Latitude of. the. 
Place to which you are come. 


The Analogie or Proportion. 


As the Radius is to the Diſtance run 3 Sth TED? 
S0 isthe Sine of the Rhumb from the Meridian tothe Diffe- 
rence of. Longitude :. - 
| RE CY OR OP PTC 
So1sthe Co-ſine of the Rhumb tothe Difference of Latitude. 
So the Latitude of the Place from whence. you came being 
52 degr. and the Longitude 35 degr. the Rhumb upon which 
you have failed N.E. by N. 33 degr..45 min. and the Diſtance 
which you have failed upon that Rhumb 96 53 Leagues you 
ſhall find the Difference. of Longitude to be. 2.degr..40 min. 
and the Difference. of. Latitude4 degr. So that the Place to 
which you are come. is in the Latitude of 56 degr. and1n the. - 


WA 
Longitude of 37 degr. 40 min. 
by Upon the Rt 
F"HE Place from whence youcame being inthe Latitude 
: of52degr. and in the Longitude of 35 degr, is repre-- 
ſented by H. TheRhumb you have failed upon being N. E.. 
by N. 33 degr. 45 min. upon the Point H protraft an Angle of- 
33 Fe 4.5 min. and draw the Line HK for:the Rhumb. T hen. 
out of the Side of your Chart take 96 x3 Leagues, which 1s lo. 


much as the Ship ſailed, and ſet that upon the Rhumb-Line 


from H toK, and through the Point K draw the Line KL. 
| parallel 
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arallel toB C, (or perpendicular to A B,) and it will cut the 
Line ABinL. SeKL, being meaſured on the bottom of 
our Chart, will be found to contain 2 degr. 40 min. the Dif- 
awd of Longitude 3 which added to 35 degr. the Longitude 
you came from, gives 37 degr. 4o min. for the Latitude you 
arein. Alſo the Line H L, being meaſured on the Side of 
Jour Chart, will be found to contain 4 degr. And ſuch is the 
ifference of Latitude, which addedto 52 degr. the Latitude 
from whence you came, gives 56 degr. the Latitude in which 
you are. fo A ; 


ProBL, XI, 
The Longitude and Latitude of the Place from whence 
you came,, the Rhumb upon which you ſailed, and the 


Latitude of the Place to which you are come, being 
given, to find the Diſtance and Difference of Lon- 


gttude. 


The Analogie or Proportion. 
As the Difference of Latitude is to the Radius 3 


So is the Tangent of the Rhumb from the Meridian to the 


Ditterence of LOTT ; | 
n 
As the Sine of the Rhumb is to the Difference of Longitude 3 


Sois the Radius ta the Diſtance run. 


So the Latkude of the Place from whence you came being 
52 degr. and the Longitude 35 degr. and the Rhumb upon 
which you failed the third from the Meridian N. E. by N. 
33 degr. 45 min. you ſhall find the Diſtance run to be 96 

eagues rz, andthe Difference of Longitude 2 degr. 40 min. 


Z 2 Upore 
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PROBLGHX; 


The Longitude'and Latitude of the Place from whene 
you carne, with the Rhumb and- Diſtance: ſailed, be- 
 ingpiven , to find the Longitude and Latitude of. the. 

Place to which jou are come. 


The Analogie or Proportion. 


As the Radius is to the Diſtance run3 IT TOY 
S0 Is the Sine of the Rhumb from the Meridian tothe Diffe- 
rence of. Longitude :. ; 
_ _ 
So1s the Co-fine of the Rhumb tothe Di 
So the Latitude of the Place from whence. you came beiug 
52 degr. and the Longitude 35 degr. the Rhumb upon which 
you have failed N.E. by N. 33 degr..45 min. and the Diſtance 
which you have failed upon that Rhumb 96 r3.Leagues 3 you 
{hall find the Difference. of Longitude to be. 2.degr.. 40 min. 
and the Difference. of. Latitude 4 degr. So that the Place to 
which you are come. is in the Latitude of 56 degr. and -1n the - 


if 


Longitude of 37 degr. 49 min- 
FN © Upon the Chat, | EE. 
"FH E Place from whence you-came being inthe Latitude 

: of52degr. and in the Longitude of 35 degr. 15 repre-- 

ſented by H. The Rhumb you have ſailed upon being N. E.. 

by N. 33 degr. 45 min. upon the Point H protraQt an Angle of 

33 Ger. 4.5 min. and draw the Line H:K for the Rhumb. Then. 

out of the Side of your Chart take 96 x3 Leagues, which 1s fo. 


much as the Ship ſailed, and ſet. that upon the Rhumb-Line 


from H toK, and through the Point K draw the Line K L 
| parallel - 


erence of Latitude. 
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arallel to B C, (or perpendicular to A B,) and it will cut the 


Line AB inL. SoKL, being meaſured on the bottom of 


our Chart, will be found to contain 2 degr. 40 min. the Dif- 
firetice of Longitude 3 which added to 35 degr. the Longitude 
you came from, gives 37 degr. 40 min. for the Latitude you 


arein. Alſo the Line H L, being meaſured on the Side of 


your Chart, will be found to contain 4 degr. And ſuch is the 
Difference of Latitude, which added to 52 degr. the Latitude 
from whence you came, gives 56 degr. the Latitude in which 
you Are. ores < > 


ProBL, XI, 


The Lengitude and Latitude of the, Place from whence 
you came, the Rhumb upon which you ſailed, and the 
Latitude of the Place to which you are come, being 
given, to find the Diſtance and Difference of Lon- 
gitude. 


The Analogie or Proportion. 


As the Difference of Latitude is to the Radius 3 
So is the Tangent of the Rhumb from the Meridian to the 
Difference of Longitude : | 
And 
As the Sine of the Rhumb is to the Difference of Longitude 3 


Sois theRadius ta the Diſtance run. | 


So the Latitude of the Place from whence you came being 
52 degr. and theLongitude 35 degr. and the Rhumb upon 


which you failed the third from the Meridian N. E. by N. 


33 degr. 45 min. you ſhall find the Diſtance run to be 96 
Leagues r3, andthe Difference of Longitude 2 degr. 40 min. 


Z 2 Upor 
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ker <> Opow the Chart... 


'PON your Chart aſligo H for your Place from HF ER 
youcame, mthe Latitude of 52 degr. and Longitude 
35 Now. Upon this Point H protraf the Angle of the Rhumb 
33 6.45 m. N.E.hy N. and draw the Rhumb+LineH K. Then 
the Latitude of the, Place where you are being found by ab- 
ſervation ( or being otherwiſe giyen ) to-be 56 degr, draw 
a Linequite croſs your Chart at the 56" degreee of Latitude, 
as the Line 56. 56 in the Chart croſſing the Rhumb-Line.w 
the Point K. So K L, being meaſured at the bottome of your 


Chart, will be found tacontain 2 degr. 45 min.. which added: 
to 35 degr. the Longitude you came from, makes 37 degr. 
40 min. And that is the Longitude in which you are. In hke 
manner meaſure H K upan the Side of your Chart, and you 
ſhall find it to contain 96 r3 Leagues. And fo- SET the 
Slip run upon that Point N.E. by N. 


ProsBr, XII. 


The Latitude of twa Places, and the Gainiore of PR 
tude between them, being known, to find what Rhumb 


leadeth from axe ta the ather, and bo Hay. Jreagie 
diſlant they are aſunder. 16) 


_ The nalogio or Propovtion. 
As the Difference of Latitude is to the Radius; ; 


$0 is the -Nifſerence/af "IE. t he. Tanger, wh, 250 
— Rhuwhe a 


As the Sine of the Rhumbi is to.the Difference of Longidez - 
Sois the Radius ta the Niſtapce of the pug Places.” 


S0 


dv 


& 


M37 


158 


— 


37 


[154 


« 
Z 


7 
_ 


ELTY 


| 


\ 


4 


EEE 


Wor 


[NEE 


Ll 


Fl 


ww a a < << 


" WENETTFINSS LO EE LE II EIT TY), 


4 
, 
d 


4 
$ 
, 


» 2 2  - OR ST ues 


ae - - <b--- 


p- 0 << a a © << << 


D<4 <Q 2 4 << - 


O<2< 2c << 2 <0 << <p 4 <<< -- S <a oc << co ac Ie ooo coo eo eg <<< eas. - 


— 


[| 


M 


= 


— 


- 
0” JOEY 


a 4 <0 4 <-<S by OR 


{ 


AY 


d 


#. 
a 
P34 
T7 


—w SO 0 2 4 4 > -» <<» 


TILIIINITIILICTITIY 


- 4 
# 
Pl 


P's 


The Plaine S'e a Chart . 


[) 
x7 Be: 
© 
1 
i 
s ' 
4 hb 
$ 4 
[] o 
4 + 
— 
_ : _ 
4 " - 
— : y y m_ 
("01 EB 
» s [] * 1 
— . , % 2 mn 
| —_ 7 
4 : , T* 
# F0 - L 0 
—_—_ : - ' | 
_ (] 4 : _ 
= j p ' | 
1 : ; >. | 
«i $f ' ERA as, 
— ey : : A dt 
Ls 4 4 
_ BT ' < & 
= $8 $ 
_ £24 4 = 
ns ' | . ® on AQ 
- ' | 
== b | . © 
* (1 | q | 
_— b- .4 P 
OY b £3 E Be 
E ( ' . ; al 
4 4 ( 
* : ; *s 
"A | g*- lad 0 ] t= 
M Wo - grin an. 
1 | as Wa EI "6 i WB if 
rs: MK \o | Y 
=o QA 
\oS S210 un ko | 


- WPt2ox AP be ores Onan eB «filings  WRune tut. deivrcas aa ” 
; N : : 


Ls, na 


by the Plain Sea-Chart: 177 
$o the Latitude of one of the Places being 50 degr. and 
the other-52 degr. 3o min. and the Difference of Longitude 
6 xdegrees3 'theRhumb will be found tabe67 degr. 23 min. 
and the Diſtance upon the Rhumb 6 z.degr. or 120 Leagues. 
Upon the Chart. Zh 


P ON. the Point of the ater: Lafitudg gt N.52 deg. 

| 30 min. drawa Line-N Me. paralfet to AD,”upon which 
Line ſet 6 degr. the Difference -of Longitude of the two - 
Places ( being taken«from the bottom” of the Chart ) from 
NtoM. Then from the Point M draw the Line to-E, the 


leſſer LatitudeJ52 degr.” which Line, taken in the ymgaſles 
and meaſured pon | e Side of the;Qhart, wwilt he; aund. to - 


comain'6'2 degr.” or 130 Eeagues. © Alto the Angle N E-M, 
being mealured by your Chord , or ProtraCting Quadrant , 
will be found to contain 67 degr. 23 min. which is the Rhumb 
leading from one to the other, namely, Ahort of the E.N.E.- 
Point 7 degr.. or, N.E. by E. x1 degr: 8-min. Eaſterly. - 
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Of Sailing by 


Mercators Chart. 
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PRroBL. I. 


How to makg a Sea-Chart according to MERCATOR:s 
Projeftion, by your Line of Chords, 


SAERmEANeP ON apicceof thick and ſmoqth Paper (or ra- 
3-794 © ther Paſt-board) draw a right Line, as A B, and 
= ki F uponthe Point A, with 60 degr. of your Line of 


; | Chords, deſcribe the Quadrant A CD ; which 


& divide into 9e equal Parts or Degrees, as here 
in this Figure there 1s onely every fifth Degree. 
—— ——-This done, upon'the Point D ere& the Perpendicular 


D F, (in which you muſt be very exaQ.) And from the Point 
A (through each Degree of the Quadrant) draw right Lines, 
as A 1o, 103 A220, 203 A30,3053 Aqgo,4053 &c. to- 
wards 90. till they touch the Line D F.—— Then with > fo 


_— 


Problems of: Sailing, &c. 175” 
Compaſſes, one foot being placed in A, extend the other to - 
60depgr.in the Line D F, and with that Diſtance deſcribe the 
ArchFHGB,. Again, extend the Compaſſes from Ato 55 
n the Line F D, and keeping one foot in A, with the other 
deſcribe55 K ; ſo ſhall the Point K be the Point of 55 degr.. 
in the Line A B.-— Alſo, extend the Compaſles from A to 50 
in the Line F D, and draw: the Arch 50,50. Doe fo with 
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45, 40; 35s &c. . til} you come to the beginning of the Degrees. 
at D. So: ſhall theſe Arch-lines, by meeting with the. Line 


AB, divide that part of it D B into-unequal parts, at 10,20, 


3O, 40, 50, 60, and 1ſo-forward. - But this Figure 1s. ſufficient 


for Example. . 
+ Now 
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Now from this Line A B, being thus unequally divided, you 
may divide the Meridian-Jime of'a Sea-Chart according to 
Mercator's Projeftion of any bigneſs, fo that the Diſtance be- 
tween Degree and Degree in the AquinoChal be leſs then 
the Diſtance AD, which is here +wo Inches. * And if a Chart 
were made that the XquinoWial Degrees were two Inches di- 
ſtant, and it paſſed upon a ſmooth Board, many Nauticall Con- 
cluſions might be wrought upon it very ro 4 Being thus 
far prepared, I will now ſhew you how, from the Line A B, 


To divide the Meridian Line of a Sea-Chart, 


| Sea-Chart, according to this Proje&tion, may be made 
either General, or Particular. I call that a General Sea- 
Chart, whoſe Line EH, in the following Figure, repreſents 
the AquinoRtal, as the Line EH there doth the Parallel of 
.49 degr. and ſo I will make the Chart following to contain all 
Latitudes between 49 degr. and 57 degr. whoſe Difference of 
Longitude exceedeth not 8 depr. 
Now to: projet ſuch a'Chart, having drawn the Line E F 
for the Meridian, and ctoſled it at right Angles with another 
_ Line repreſenting the Parallel of 49 d. parallel thereto draw 
another Line F G, repreſenting the Parallel of 57 degr. and 
another Meridian G H, parallel toF E. So ſhall you have 
made the Parallelogram E F'G H. 
This done, conſider how far diſtant you would have your 
hag of Longitude upon the XquinoCtial each from other, 
as ſuppoſe ( and as in this Chart I have made them to be ) 
half anInch. Take half an Inchout of a Line of Inches, and 
run that Diſtance along the Line E H from E to 1, from I to 2, 
from 2 to 3, &c. And alſo doe the like upon the Line F G, at 
the top of the Chart, drawing the Lines 1,1; 2,25 3,35 &Cc- 
Now for the Dividing of the Meridians E F andH G , re- 
pair to the foregoing Figure, taking in your Compaſſes the 
Diſtance that Hy Degree and Degree of the —_— 
Lol 


by Mercator's Chart. 1797 


(tial, which in our Example is half an Inch. With this Di- 
ſtance , ſet one foot of the Compaſles in the Point D, and 
with the other deſcribe the Arch #2 #23 by' the very Edge 
whereof draw the Line A G : ſo is your Figure prepared to 
divide the Meridian-line of a Sea-Chart whoſe Degrees of 
Longitude are half an Inch diſtant. 


Now in reſpect that your firſt Parallel of Latitude EH in 


your Chart is drawn for 49 degr. yournext Parallel muſt be 
5odegr, Wherefore ſet one foot of your Compaſles upon 
50 depr. inthe Line A B, and withthe other take the neareſt 
Diſtance to the. Line A G : that isdone by turning the Com- 
paſles about till the moveable foot do onely touch-the Line 
A G:which when it ſo doth,that Diſtance at which your Com- 
paſles then are, being ſetupon the Meridian of your Chart, 
will reach from 49 degr. to 50, which being ſet upon your 


Chart, on both ſides thereof, from 49 draw the Line 50. 50 


will give you the Parallel of 50d. of Latitude. Inlike man- 
ner for the Parallel of 51 degr. Set one foot of the Compaſles 
in51 degr. upon the Line AB of the former Figure, and 
with the other take the leaſt Diſtance to the Line A G : this 
Diſtance ſet upon the Meridian of your Sea-Chart, on both 
ſides thereof, will reach from 5oto 51 3 and there draw the 
Parallel 51, 51. Likewiſe for the Parallel of 52 degr. Set 
one foot of the Compaſſes in 52 degr. in the Line A B, taking 
the neareſt Diſtance to the Line A G : that Diſtance ſet upon 
the Meridian of your Sea-Chart , on both ſides thereof, will 
reach from51to525 and there draw the Parallel of 52. 52. 
Doe thus with all the Degrees, as 53, 54, 55, 56, and 57. So 
ſhall the Meridians of your Chart E F and H G be divided into 
whole Degrees. 

For the Sub-divifions of theſe Degrees, they may be divi- 
ded each of them into equal parts, as the Diviſions at the top 


and bottome of the Chart ought to bez butthe Degrees of 


the Meridian, as they grow higher, they ought ſtill to grow 
greater. But the Difference is lo ſmall, that it cannot produce 
[- Aa any 
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any conſiderable Errour, though the Sub-diviſions be all made 
equal between Degree and Degree. You may therefore di- 
vide them either into 60 Minutes or Engliſh Miles, or into 20 


Leagues, or into 100 parts of Degrees, as you ſhall heſt 
ke of. 


Problems of Sa 


” —" 


But if you would make a Chart that the Diſtance between De- 
gree and Degree upsn the AquinoGial ſhould be an Tnch, or any 
ather Diſtance fe then 4 D inthe foregoing Figurestake that Di- 
ſtance ( as ſuppoſe an Inch) in your Compaſſes, and fetting one foot 
in D, with the other deſcribe the Arch 00, and draw the Line A H 
erely to touch the Archo o. The leaſt Diſtance taken from each 
Degree te this Line A H ſhall give you the Diſtance of the Degrees 
upon the Meridian of a Sea-Chart, whoſe Diſtance of Degrees up- 
en the ZquinoFial are an Inch from each other. 


Your Chart being thus prepared, I will now come to ſhew 
you. how to.reſolve ſeverall Problems upon it. 


PROBL, IM. 


To find how many Leagues do anſwer to one Depree of 
Longitude in every ſeverall Latitude. 


F TP ON the two. edges of your Protradting Quadrant 
4 there are two Lines, the one divided into 20, the other 
into 60 equal parts. 

Take therefore the leaſt Diſtance from the Complement of 
the Parallel's diſtance from the AZquator, (or the Complement 
of the given Latitude :)- this Diſtance, being meaſured upon 
the edge that isdivided into 20, ſhall ſhew you what number 
of Leagues make one Degree of Longitude 1a that Parallel of 

_ Latitude. And the ſame Diſtance, being meaſured upon the 
other edge that is divided into-60, will give ſo many of our 
Miles, or ſo. many Minutes of the /Equinottial, or any other 

: | nt great: 
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great Circle, as are anſwerable toone Degree of Longitude in 
that Latitude. 

Example. Letit be required to find how many Leagues do 
anſwer to one Degree of Longitude in the Latitude of 18 d. 
I2 min. 

Set one foot of your Compaſles in 71 degr. 48 min. the 
Complement of the given Latitude, and with the other take- 
the neareſt Diſtance to the fide of the Quadrant which is di- 
| vided into 20 2: that Diſtance , meaſured upon the Line 20, 
will reach from the beginning thereof to 19 : and fo: many 
Leagues do anſwer to one Degree of Longitude in the Lati- 
tude of 18 degr. 12 min. | 

Or, If you take the leaſt Diſtance from '18 degr. 12 m. 
the Latitude it ſelf, in the Limb of the Quadrant, to that edge 
which is divided into 60 , that Diſtance will alſo reach to 
19 upon the Line 20, as before. 

And the ſame Diſtance, being meaſured upon the Line 60 
of the Quadrant, will give you 57 parts: and ſo many Mi- 
nutes of the /Xquator areanſwerable to one Degree of Lon- 
gitude in the Parallel of 18 degr. 12 min.: of Latitude. 
 Solikewiſe inthe Latitude of 25 degr. 15min, if youtake 
the leaſt Diſtance from the Complement thereof, or from 
the Latitude it ſelf, to the edges of the Quadrant, you ſhall 
find that Diſtance to reach 18 in the Line of 20 : and ſo many 
Leagnes do anſwer to one Degree of Longitude inthe Lati- 
tude of 25 degr. 15 min. or unto 54 inthe Line of 60: and 
ſo many Minutes of the Aquator do anſwer to one Degree 
of Longitude in that Parallel of Latitude. 


The Analogie or Proportion. 


As the Radivs is to the Co-fine of the Latitude ; 
20 Leagues? to the num- 5 Leagues 0 Lengia 2088 agree | 
"2 Minutes hor of Minutes 0 Dg1tude 11 that Lati- 


So is 


| tudes 
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Problems of Sailing 
PROBL. vn 


By the Latitude of two Places and their Diſtance, to find 
the Rhumb, 


The Analogie or Proportion. 
As the Diſtance upon the Rhumb is to the Radius 3 


Sois the Difference of Latitudes to the Co-ſine of the Rhumb. 
. from the Meridian, 


Thus if the Places given were one in the Latitude of 50 d. 

_ andthe other in the Latitude of 55 degr..and the Diſtance up- 

on the Rhumb. 6 degr.. or 120 Leagues; the Rhumb leading 

from. one to the other will be found to be the third from the 
Meridian, namely, N. E. by N. 33 degr. 45 min. 


Upon the Chart. 


ET A repreſent rhe Place in the Latitude of 50 degr; 

i , and Cthatin 55 degr. whoſe Diſtance from A to C is 
6 degr. Take 6 degr.. out of the Meridian-line, by ſetting 
one foot as much below the leſſer Latitude as above the grea- 
ter, which will be from K inthe Latitude of 49 + degr.. to: L 
inthe Latitude of 55 +; either of which are half a Degree 
above and under the two given Latitudes.. Fake this Diſtance 
K L in your Compaſſes, and ſetting one foot in.A,. ( the. lefler 
Latitude) with the other croſs the Parallel of the greater La- 
titude 55 degr. in the Point C, and draw a right Line from A 
toC. So fhall the quantity of the Angle B A C, being found 
(either by your Chord or Quadrant; ) ſhew you the Inclina- 
tion of the Rhumb to the Meridian to be 33 degr. 45 min. the 
N.E.by N. Point. 


Note, That in the Propoſitions following, the Difference of Lon- 
gatude muſt always be taken ont of the Aquator, and aa ole 
| | tnere- 
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pherenpon alſo. But the Difference of Longitude and Diſtance 
upon the Rhumb muſt alwaies be meaſured upon, and taken out 


of, the Meridian Line of your Chart. And hereafter I ſhall call 
them the proper Difference, and proper Diſtance. 


PRoOBL.. IV. 


The Longitude and Latitude of two Places. being gi- | 
ven. to find the Rhumb. 


The Amalogie or Proportion. 


As the proper Difference of Latitude1s to the Radius ;. - 
$o is the Difference of Longitude. to the Tangent of the 
Rhumb fromthe Meridian. 


Thus if: the Places ſhould lie one 1n the Latitude of 50 deg.. 
and the other in the Latitude of 55 degr. and the Ditterence- 
of Longitude between. them were 5 degr. 30 min. the Rhumb- 
leading from one Place to the other will be found to be the 
third from the Meridian N. E. by N.. 33 degr. 45 min. 


þ gs La 


Upon! the Chart, | | 


—"T*HE Meridians and Parallels bemg drawn through the 
two Places at A and C, and a ſtraight Line from A to-C.. 4 

for the Rhumb, by your Chord or Quadrant find the quanti- | 
ty of the Angle BA C, which you will-find to be-33:d. 45 m« lj 
or the third Rhumb from the Meridian N.. E. by N. 


But if this Rhamb were to be found by the Common Sea-Chart, 
it would be found to be above 47 deer. that is, N. E. 2 deer. 


Eafterly, that is, one whole Point and 2 degr. more Eafterly thew 
# fhould be. 
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& | Progr, V. 


The Latitude of two Places andthe Rhumb being given, 
to find the Difference of Longitude. 
The Analogie or Proportion. 


As the Radinsis to the Tangent of the Rhumb from the Meri- 
__dian35 VEE 
So is the proper Difference of Latitudes to the Difference of 
Longitude. 


Thus the Latitude of one Place being 50: degr. and the 
other 55 degr. and the Rhumb leading from-one to the other 
being the third from the Meridian, the Difference of Longi- 
tude will be found to be 5 x deer. 


Upon: the Chart. 


FT ET a Meridian be drawn through A, and a Parallel of 
'B Latitude through C. Then upon the Angle A protra& 
the Angle of the Rhumb 33 degr. 45 min. So the Diſtance 
BC upon the Parallel, being meaſured upon the bottome of 
the Chart, will be found to contain 6 degr. 3o min. 


But if this Difference of Longitade were to be found by the Plain 
_Sea-Chart, the Difference of Longitude would be found to be but 
3 degr. 20 min. which is more then 3-degr. leſs then the truth 3 
a vaſt Difference. And yet this Errour would be yet greater, if 
_ the Latitude be greater, or the Rhumb farther from the Me- 
ridian. | | 


PRoOBL, 
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ProBL. VI_ 


The Difference of Longitude of two Places, the Latitude 


of one of them, and the Rhumb leading from one to 
the other, given, to find the Latitude of the other 
Place, | ED 


The Analogi e or Proportion. 
As the Radius is to the Co-tangent of the Rhumb from tlie. 
Meridian 5 
So is the Difference of Longitude to the proper Difference of: 
Latitude.. wk 


Thus if the Latitude of one of the Places were 50 degr.. 
the Rhumb. leading from that to the other N.E. by N. 33 d. 
45 min. and the Ditterence of Longitude between the two- 
Places were 5 degr. 30 min... the Latitude of. the other Place. 
will be found to be in 55 degr. 


Upon the Chart: | 
” ET AB and DC be two Meridiansdrawn through A. 
' , andC, at'5 xd. the Difference of Longitude, and a Par- 
_ allelof Latitude through A, croſling the Meridian C D- in D.. 
Then upon the Point A protract an Angle equal to the 


Rhumb from the Meridian given 33. degr. 45 min. So the: 


x5 Z 


LineCD, being meaſured upon the Meridian from A, the * 


given Latitude, 50 degr. will reach to 56 degr. the proper 


Difference of Latitude. So that. the other Place lies-1n. the 


Latitude of 56 degr.. 


But if this Difference of Latitade were ta be found by the Plains 


Sea-Chart, this Difference of Latitude would be found to be & d. 


I3 min. aud the Latitude ſought. would. be found to be 58 degr.. 


I3 His. 
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13 min. above three ry We more then the truth. As by the Tri- 


angle for that purpoſe drawn wpon the Plain Sea-Chart, marked 
 withTV E, may appear. 


PrRoBL, VII. 


Having the Latitude of one Place, the Rhumb leading 
from that Place to another unknown,and the Diſtance 
upon the Rhumb from the firſt to the ſecond Place, to 
find the Difference of Longitude of the two Places, = 


The Analogie or Proportion. 


As the Radius is to the Sine of the Rhumb from the Meridian ; 
So is the proper Diſtance upon the Rhumb to the Difference 
of Longitude. 


Thus if the two Places were one in the Latitude of 50 degr. 
and the other in a greater Latitude, but unknown 3 the proper 
Diſtance upon the R humb leading from one place to the other 
being 6 degr. and the Rhumb N. E. by N. 33 degr. 45 min. 
the Difference of Longitude'will be found to be 5 : degr. 


| Upon the Chart. 

Hrough the Point A in the Latitude. of 50 degr. let be. 
drawn a Meridian A B;and a Parallell AD3 and upon 

the Point A protra&t an Angle equal tothe Rhumb from the 
Meridian 33 degr. 45 min. Then take with the Compaſles 
6 degres, the proper Diſtance upon theRhumb, out of the 
Meridian-line, ( having reſpe& to the Latitude of the Places) 
as from K to L, and ſet that Diſtance upon the Rhumb from 
AtoC. Then through C draw another Meridian CD, crof- 
ſing the Parallel drawn through A in the Point D. So the 
Line AD, being meaſured at the bottom of the Chart , will 
be found to contain 5 £ d. the Difference of Longitude ſought. 
| but 


But if this Difference of Longitude had been to be found by 
the Common Seau-Chart, it would be found to have been oxely 3 d. 
20 min. which is 2 degr. 10 min. leſs then the truth; as in the 
Plain Chart may be ſeen, where the third Rhumb from the Me- 
ridian cuts the Parallel of 55 degr. of Latitude in 3 degr. 20 ms. 
of Longitude at the Point X. 


PrRoBL, VIII, 


The Difference of Longitude between. two Places, the 
Rhumb leading from one Place tothe other, and the 


Latitude of one of the Places, being given, to find 


their Diſtance, * 


The Analogie or Proportion. 


As the Sine of the Rhumb from the Meridian 1s to the Diffe- 
rence of Longitudes 3 : 

So is the Radius to the proper Diſtance of the two Places up- 
on the Rhumb. 5 


"Thus, if the Latitude of one Place were in 50 degr. the 
other in a greater Latitude unknown, the Difference ot Lon- 
gitude between the two Places 5+ degr. and the Rhumb N. 
E. by N. 33 degr. 45 min. from the Meridian z the proper 
Diſtance upon the Rhumb will be found to be 6 degrees. 


Upon the Chart. ; 


ET two Meridians, AB and CD, bedrawn through A 
and C, according to the Difference of Longitude, and a 
Parallel of Latitude through A, crofling the Meridian C D in 


the Point D. Then upon the Paine A. protratt an Angle of 


33 degr: 45 min. the quantity:of the: Rhumb from ,the Meri- 

dian, and draw the Line A C croſſing the Meridian CD in 

C. Sothe Diſtance CD, being taken ns Compaſſes, and 
it Þ 


mealu- 
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meaſured upon the Meridian-line of the. Chart, ( reſpett be- 
ing hadto the Latitude of the Places.) that is, ſo much above 
the greater Latitude as below the lefler Latitude, you will find 
it to contain 6 degr. | Ny 

- But if this ſettting of the Compaſſes ſo much above one La- 
titude as below another ſeem difficult, .it may be thus other- 
wiſe done. -For, the Rhumb Line being drawn, it will 
cut the Meridian C DinC: fo.a Parallel drawn through C 
will cut the Meridian AB inB: fois Bthe Latitude of the 
ſecond Place, viz. 55 degr. Then divide the Diſtance be- 
tween the two Latitudes A and B in two equal parts in the 
Point M3 alſo divide the Rhumb-Line A C in two equal 
parts in N : thentake the Diftance N Cor NA, and' ſetting 
one foot of the Compaſles in M, the other will reach to L 
above the greater Latitude , and from Mto K as much below 
the leſſer Latitude, namely , 3o min. or half a Degree on 
either ſide3 ſo that betweenK and L are contained. 6 degr. 
and that is the proper Diſtance upon the Rhumb. 


But if this Diſtance were to be found by the Plain Chart,, it 
world. be almoſt 10 degr. or 197 Leagues, which is 77 Leagues 
more then intruth it ſhould be. As may appear, if you meaſure 
the Line A L in the Plain Chart, pox the Side thereof. 


.PrRoBL, 1X; £ 


The Difference of Longitude,” and Diſtance of two Places, 
with the Latitude of one of the Places , being - given.. 
to find the Rhumb that leads from one tothe other. , 


-  .- The Analogie or Proportion. mag 
As the proper Diſtance uponithe Khumb is to. the Diflerence 
of Longitude 3 = = uw 12-22-85 | S208 $18 TGF FE. 066 out 
So isthe Radius tothe Sine of the Rhumb from. the METRES: 

Ga 3 us 
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Thus, if one of the Places lay in the Latitude of 50 degr. 
and the other in a greater Latitude, but unknowns the Dif- 
ference of Longitude between them 5 zdegr. and their pro- 
per Diſtance upon the Rhumb 6 degr. the Inclination of 
the Rhumb to the Meridian which leadeth from one Place 


to the other will be found to: be 33 degr. 45, min. that is the 
N, E. by N. Point. 


Upon the Chart. 


ET the Meridians AB andD C be drawn through A and 
'B C, andthrough A a Parallel of Latitude A D. Then open 
the Compaſſes (having reſpec tothe Latitudes) from K to L, 
the quantity of 6 degr. inthe Meridian and ſetting one foot 
of that Extent in A, with the other foot croſs the Meridian 
CD in C,and draw the right Line A C for theRhumb. Laſtly, 
by your Chord or Quadrant find the quantity of the Angle 


BAC, 33 degr. 45 min. and that is the Rhumb required 
N. E. by N. | 


But if you were to find this Rhumb by the Plain Sea-Chart , 
it would be found almoſt the E.N.E. Point within 1 deer. 30 min. 


differing from truth very near 3 whole Points to the Eaſtward. 


PRoOBL, XN, 
The Longitude and Latitude of two Places being given, 
to find the Diſtance upon the Rhumb,  ——  - 


The Analogie or Proportion. 

As the proper Ditference of Latitudes is to the Radius 

So is the Difference of Longitudes to the Tangent of the 
Rhumb from the Meridian: © 

As the Sine, of the Rhumb from the Meridian is to the Ditfte- 
Face of EOOERUSES offi} coffe res nn 
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So is the Radius to the proper Diſtance upon the Rhumb. 


Thus, the two Places being one in the Latitude of 50 degr. 
the other in the Latitude of 55 degr. and the Difference of 
Longitude between them being 5 - degr. the proper Diſtance 
upon the Rhumb will be found to be 6 degr. 


Upon the Chart, 


R A W the Meridians AB and CD, the Difterence of 
Longitude between them being 5 = degr. and through 
A and B: draw two ParallelsB C and A D; and then the Line 
for the: Rhumb leading from the one''to the other A C. 
So A C, being taken inthe Compaſles, and meaſured upon the 
Meridian-line of the Chart, with this Condition, that at the 
reſting of the Compaſſes upon the Meridian-line, one footbe 
ſo many Degrees above the greater Latitude as the other foot - 
is below the lefſer Latitude 3 ſo will the feet of the Compaſles 
reſt in the Points K and L, one being 3o min. below the leſler 
Latitude, and the other 3o min. above the greater. 


But if this Diſtance upon the Rhumb were to be found by the 
- Plain Chart, it would be found to be alwoft 7 degr. 15 min, or 
245 Leagues, which is 25 Leagues more then it ſhould be. 


Pa oBL, X00 o-\-. 
The Latitude of two Places and their Diſtance upon the 
Rhumb being ginen, to. find their Difference of Lon- 


The Analogie or Proportion. 


Asthe proper Diftance upon the Rhumb is to the Radius 3 
So is the proper Difference of Latitudes to the Co-fine of the 
Rhumb from the Meridian : es eras HDR 


by Mercator's Chart. 
| And 


$0 is the Sine of the Rhumb from the Meridian to the Difte-- 
rence of Longitude. 


Thus, if one of the Places be in the Latitude of 50 deer. 
and the other in 55 degr. and their proper Diſtance upon the 
Rhumbs degpr.. or 120 Leagues ; their Difference of Longi-- 
tude will be and to: be 5 degr. Zo min. 


Upon the Chart. 


Raw. AD and BC, two Parallels of Latitude, through: 

50 depr. and 55 degr. which were the two given Lati-- 

= Then out of the Meridian Line take the proper 

Diſtance upon the Rhumb (having reſpect to both Lati- 

tudes) from K to L': the Compaſſes being opened to this 

Diſtance, one foot being ſet 1n A; the leſfer Latitude, the other: 

will croſs the Parallel of the greater Latitude in C.. So the 

Diſtance B C, being. meaſured at the bottome of the Chart 

from E, will reachto 5 degr. 30 min. And ſuch is the Ditfe- 
rence of Longitude between the two-Places.. 


But wif this Difference of Longitude were to be found by the Plaim. 
Ehart, it would be but 3 degr. 20 min. which is no leſs "I 2 d. 
10 #tiz. leſs then the truthyz as by the Triawgle T V E drawn 


wpor the Plain Chart may appear: 


ProBL. + * | We 


The Difference of Longitude of two Places, their j, Ep 
upon the Rhumb, and the Latitude wy one of the Pla- 


ces, being Even, to find the Difference of Latitudes. | 


The Analogie or Proportion. 


As the proper Diſtanoe: of the two op npon.the Rhumb Is 


| f tothe Radius 3 _ 


ppmcen=nnne gy wh. Its A ro rout EIS . mV; - 
7%, <: - ed - % —_— - _— 
X - = w__ - : 


490 :- Problems of Sailing 


Sois the Difference of Longitudes to the Inclination of the 


_.Rhumbtothe OO. , 9 
| n 
So is the Co-ſine of the Rhumb from the Meridian to the Dif- 
Ference of Latitudes. 


'Thus,the Difference of Longitudes being 5 + degr.their pro- 
per Diſtance upon the Rhumb 6 degr. and the Latitude of one 
of the Places 50d. the Ditterence of Latitudes will be found 
tobes d. IN A 
Upon the Chart. 

#T"Hrough the given Latitude A draw a Meridian AB, and a 

Parallel AD, andupon the Parallel fet the Difference 
of Longitude 5 ; d. taken from the bottom of the Chart, from 

Ato D., and through D draw the Meridian D C. Then out of 

the Meridian-line take the proper Diſtance upon the Rhumb, 

6d. from K to L, and ſetting one foot. of the Compaſles in A, 

with the other croſs.the Meridian CDinC : fo a Parallel of 

Latitude drawn through C will bethe Parallel of 55 d. Sois 
55 d. the Latitude of the other Place, and 5o being taken 

from 55, leaves d.for the Difference of Latitudes required. 


which Difference, had it been to be found by the Plain Chart, 
would have been: but 2 d. 25 m. thatis, 2d. 35 m. leſs then'the 
#ruth; 4s by the Trianghe T V E upon the Plain Chart may appear. 


PROBL, All. 


The Latitude of two Places and their Difference of Lon- 
 gitndes being given, to find the Rhunb leading from 
one to the other, and alſo how many Degrees diſtant 
they are aſunder. 


HIS Propefition 1s already erformed in the Example 
ofthe two Places A and B but for Variety. I will take 


two other Places,and onely ſhew the manner of working upon 
the Chart. TR ie TN Sup- 


neo indo ine dT. RC Han 7 


- by Mtrcator's Chart:. 9 E 
Suppoſe then two Places, one (as before) in the Latitude of 


50d. the other in the Latitude of 52 degr. 30 min. whoſe Dit- 
terence of Longitudes 1s 6 degr. 


A 


Upon the Chart. 


Through the two given Latitudes: 50'd. and 52 4, at A and 
O draw two Parallels, O-P and-A. D, upon which (et the Dit- 
ference of Longitudes from O to P, and from AtoQ, 6 degr. 
Then draw the Line AP,which fhall be the Line of the Rhumb 
leading from one Place to the other: . wherefore , by. your 
Chord or Protrafting Quadrantfind the quantity of the Angle 
O A P.,.which ſhall be the Inclination of the Rhumb to the Me- 
ridian, and will be found tobe56d.. 15m. that is the N. E. 
by E.Point 5 which was the Firſt thing that was required. 

Then to find the proper Diſtance upon the Rhumb 3 Take 
the Line A P in your Compaſles, and meaſure it upon the Me- 
ridian-line, ſo that one foot may be above the greater Latitude 
ſo much as the other 1s below the leſſer 3 and you will find the 
Compaſs-points toreſtin E and S, E being one whole Degree 
below the leſſer Latitude, and-S one Degree above the grea- 
ter. Sothat there isintercepted between E and S 4 £ degr. And 
thatis the proper Diſtance upon the Rhumb 5 which was the 
Second thing required, ' 
- But if this Problem had been wrought upon the Plain Chart, the 
Rhumb from the Meridian would be found to be 674d.23m. that is, 
within 7 m.of the 6* Rhumb;which is more then the truth by 11 d.. 


3 av. - 

| PrRoBL. XIV: | 

| A Ship. ſet fail from the Latitule of 50 degr. upon the 
fifth Rhumb N. E. by E, after that fhe had made 36 

| Leagues of way upon that Rhumb, the wind changing, 

ſhe was, conftrained to ſail 50 Leagues upon the 7 

_ Rhuntb. E, by N. Iwould know in what Longitude and. 
Latitude the Ship 1s, _ EH kent UVpore 
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FFTPHE- Rhumb=Line:A P Dog cen, ſet, off thereupon 
| 36 Leagues ( which. was the way that-the Ship thade 
upon the fifth Rhumb before the:Wind changed)from A.toT, 
(which Diſtatice- muſt be taken our of 'the Meridian-line by 
opening the Compalles from 50d. t6.31; 48. :or better, 'to 49 
much below:504, as above's.1 d;) 'So ſhalltlie Point:F be the 
Place that the Ship was in when the Wind-altered; So.a Paral- 
Tel drawn. chrough T upon the Chart will cut the Meridtan at V. 
in514;and in that Latitude the Ship was; Now:tofind in what 
_ Longitude ſhewas Take in'your-Compallcs wie Line. gand | 
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meaſureit at the bottom of theCharr,y 
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ont af theMegidian-linie 4 arid ſer t! T to X. Saſhall X 
be the Placsthar the Ship-vas inafter ſhe had ſailed 5o.Leagnes 
upon the E:by N.Pathts, whieh,by drawing a Parallel throngh 
| K, wilthe found inthe Latitude of 5 1 d..3o:mcandby'drawing 

of a Meridian through'K alfo;icwill be found'tobe in the Lon- 
zitude: of '&degr. 26 min fn 
+. ' * But of theſe Convſes had been protraBed according. to the Plain 
' Sea-Chait, TheiPeint T would fall in the Latitude of 5T degr.and 
the Point % in the Lytitude of 51 degr;30 m. But the Longimde 
of. T would. be vnely1 d. 3o m. and the Longitude of X in. 5 d- 
$7 min. Bath theſe Longitudes being added, make but 54...27 mt: 
for the Difference of Longitude between X and ve. finſt Meridian 5 
wheregs by the.other Chart it is 6 &. 16 ms $0 that the-ghip whX 2s 
33 m, Weſtward of the Place to which ſbe was bound. © \\ 
*_ . Theſe Differences , which 1 have obſerved to be between the 
Plain and Mercator's Chart , - may be ſeen by comparing the 
- Seherne of the two Charts together. | © oo 
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